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DO YOU KNOW .... 


p .... That the individual mem- 
bership efforts have bogged down and 
that the “bang up” year indicated in 
November is not materializing? Let’s 
give the YETs a helping hand and end 
the year in a blaze of glory. A mem- 
bership application blank is on page 
644; tear it out and have a colleague 
fill it out now. Remember, he doesn’t 
need to be an engineer and that we 
have English, Economics, and Hu- 
manistic-Social Divisions. The Eng- 
lish Division is conducting a drive, so 
give it a lift if you can. 


> .... The efforts of the Indus- 
tial Membership Committee have 
been going ahead full speed. The 
new brochure isa dandy. Copies have 
gone to all deans of engineering and 
to individuals in over 800 companies. 
If you want copies for distribution to 
your friends, write to the Office of the 
Secretary. The number of new mem- 
bers since last June is 25. 


> .... That the Danmarks In- 
geniorakademi, Bygningsfdelinger of 
Copenhagen has just been accepted 
for affiliate membership in the So- 
ciety? Last spring the South African 
iron and Steel Industrial Corporation, 
Ltd. was accepted as an industrial 
member. For many years Canadian 
schools have been members of the 
Society, but the two members listed 
above are the first overseas and not 
in U. S. possessions. 


> .... That the Guidance Com- 
mittee of ECPD has been making a 
pilot study of “boy’s motivation to study 
engineering’? Twenty-six colleges 


were asked to participate in the use 
ofa simple, six-point questionnaire for 
feshmen. Preliminary study indicates 
that counselors influence less than 6% 
Whereas the family affects the choice 
of about 27%. The committee here- 





tofore has not aimed any of its efforts 
at the PTA and is wondering if its 
thinking must be changed—or, since 
the counselors have so little influence 
must they be worked on? ECPD also 
is going to print Dean Emeritus N. 
W. Dougherty’s book “Notes on Pro- 
fessionalism.” “Your First Five Years” 
is the new title of ECPD’s brochure 
aimed at the young engineer instead 
of management. 


& .... That a newsletter entitled 
“The Superior Student” is regularly 
published by the Inter-university 
Committee on Superior Students? It 
is published monthly during the aca- 
demic year by the University of Colo- 
rado on behalf of the committee at 
Hellens 112, University of Colorado. 
Since ASEE periodically receives in- 
quiries regarding honors programs in 
engineering, it seems desirable that 
all members know of the existence of 
this committee and its newsletter. 


> .... That the Rockefeller Broth- 
ers Report on Education, “The Pursuit 
of Excellence,” in its discussion on 
“Excellence in a Democracy” makes 
the following comments about the 
superior students: ‘It is now widely 
recognized that our society has given 
too little attention to the individual of 
unusual talent or potentialities. To 
make such an assertion is not to de- 
plore the unprecedented time and 
money we have devoted to raising the 
general level of achievement. It would 
serve no purpose to replace our neg- 
lect of the gifted by neglect of every- 
one else. . . . It has not always been 
easy for Americans to think clearly 
about excellence. At the heart of the 
matter is a seeming paradox in democ- 
racy as we know it. On the one hand, 
ours is the form of society which says 
win,” and rewards winners regardless 
most convincingly, “Let the best man 
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of origin. On the other, it is the form 
of society which gives those who do 
not come out on top the widest lati- 
tude in rewriting the rules of the con- 
test. . . . Every democracy must en- 
courage high individual performance. 
If it does not, it closes itself off from 
the mainsprings of its dynamism and 
talent and imagination, and the tradi- 
tional democratic invitation to the in- 
dividual to realize his full potential- 
ities becomes meaningless. . . . The 
eighteenth-century philosophers who 
made equality a central term in our 
political vocabularly never meant to 
imply that men are equal in all re- 
spects. . . . The fundamental view is 
that in the final matters of human 
existence all men are equally worthy 
of our care and concern. Further, we 
believe that men should be equal in 
enjoyment of certain familiar legal, 
civil and political rights. They should, 
as the phrase goes, be equal before 
the law. . . . But men are unequal in 
their native capacities and their mo- 
tivations, and therefore in their attain- 
ments. In elaborating our national 
views of equality, the most widely 
accepted means of dealing with this 
problem has been to emphasize equal- 
ity of opportunity. The great advan- 
tage of the conception of equality of 
opportunity is that it candidly recog- 
nizes difference in endowment and 
motivation and accepts the certainty 
of differences in achievement. ... We 
must not make the mistake of adopt- 
ing a narrow or constricting view of 
excellence. Our conception of excel- 
lence must embrace many kinds of 
achievement of many levels. There 
is no single scale or simple set of cate- 
gories in terms of which to measure 
excellence. There is excellence in ab- 
stract intellectual activity, in art, in 
music, in managerial activities, in 
craftmanship, in human relations, in 
technical work. . . . We must not as- 
sume that native capacity is the sole 
ingredient in superior performance. 
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Excellence, as we shall later have oc. 
casion to note, is a product of ability 
and motivation and character. And 
the more one observes high perform. 
ance in the dust and heat of daily life 
the more one is likely to be impressed 
with the contribution made by the lat. 
ter two ingredients. . . . We must reo. 
ognize that judgments of differences 
in talent are not judgments of differ. 
ences in human worth. . . . To sum 
up, it is possible for us to cultivate the 
ideal of excellence while retaining the 
moral values of equality. Whether 
we shall succeed in doing so is per- 
haps the fundamental issue in the de- 
velopment of our human resources, 
A challenge must be recognized be- 
fore it can be met. Our society wil 
have passed an important milestone 
of maturity when those who are the 
most enthusiastic proponents of 2 
democratic way of life are also the 
most vigorous proponents of excel 
lence.’ 


> .... That the President’s Com 
mittee on Scientists and Engineers was 
dissolved on December 31? Conse 
quently there will be no further issues 
of its newsletter entitled “News Round 
Up.” Some of the functions of the 
committee are being taken over by 
the Office of Civil and Defense Mobil 
ization, and copies of the final report 
will be distributed by that office. One 
of the final efforts of the committee is 
the publication of the book “The Se: 
entific Revolution: Challenge ani 
Promise,” to be published by the Pub- 
lic Affairs Press, 419 New Jersey Ave 
nue, S.E., Washington, D. C. The 
cost is $4.50 per copy. Leading edv 
cators, business men, and journalist 
have joined scientists in seeking t 
define the short and long range impli: 
cations of the impact of science ® 
20th century America. 


W. LeicHton COoL.ins 
Secretary 
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Pabiity | THE MEADOW BROOK SEMINARS 
r And} ON HIGHER LEARNING 
yerform- 
aily . Sponsored by Michigan State University— 
ipress 
- oka Oakland 
1ust rec- A synthesis and summary prepared by THOMAS H. HAMILTON and 
— DURWARD B. VARNER, Vice Presidents, Michigan State University, 
To me with an introduction by J. D. Ryder, Dean of the College of Engineering. 
vate the aS , 
ning the On January 3, 1957, Michigan State University received from Mr. and 
Whether Mrs. Alfred G. Wilson a gift of their 1400 acre Meadow Brook estate in 
> Oakland County, Michigan, and two million dollars, for the establishment 
o-6..4 of a new university. The estate includes Meadow Brook Hall, one of the 
1 the de- world’s fine residences, and its art collection, and is located in a rapidly 
SSOUree growing population area three miles east of Pontiac and twenty-five miles 
ized be- north of the center of Detroit. 
iety wil The building of a new educational institution is a very rare event in 
nilestone the academic world, an event which offers opportunities in educational 
. are the experimentation, in breaking of purely traditional bounds, and in plan- 
ts of a ning for education for tomorrow’s world which should not be approached 
also the with any but the most open-minded view. To this end, Michigan State 
f cad University officials, aided by an enthusiastic group of civic leaders of the 
Oakland-Macomb county (Michigan) area, called upon some of the edu- 
cational leaders of the United States to aid in giving direction to the pro- 
, gram to be conducted at this new university. 
it’s Com- In carrying out this philosophy, seminars of invited authorities have 
1EETS Was been held covering engineering, teacher education, business, and science 
Conse- and liberal arts. The paper which follows is a summary of the ideas 
1er issues advanced by six engineering educators at a Seminar on Engineering 
vs Round Education conducted at Meadow Brook Hall on the estate on August 16, 
s of the 1958. The panel members were: 
over by Dr. Eric A. Walker, President, Pennsylvania State University 
se Mobil Dr. C. Richard Soderberg, Dean of Engineering, Massachusetts Insti- 
al report tute of Technology 
ice. One Dr. Lee A. DuBridge, President, California Institute of Technology 
smittee is Dr. Newman Hall, Professor and Chairman of Mechanical Engineering, 
“The Sc: Yale University 
nge and Dr. Frederick E. Terman, Dean of Engineering, Stanford University 
the Pub Dr. John D. Ryder, Dean of Engineering, Michigan State University 
rsey Ave In prior internal discussions Michigan State University had recognized 
C. Th the present-day trends looking toward further science content in engineer- 
ling edv ing education. With this in mind, but seeking an otherwise open-minded 
ournalist approach, Michigan State University asked these gentlemen the following 
seking ti question: 
Be impl “With your knowledge and experience in the field of engineering edu- 
sience 0 cation, how would you organize a program in engineering science at this 
new institution to train engineers for the half century ahead of us?” 
JOLLINS The following is a summary of the ideas that came from the discussions 
that resulted. : 
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Throughout the land there seems 
to exist a considerable and probably 
healthy dissatisfaction with the pres- 
ent state of engineering education. 
This dissatisfaction is shared, to some 
degree, by all who are concerned with 
the enterprise of engineering educa- 
tion. It exists among its purveyors 
(the faculties), the consumers (the 
students) and the users of the ulti- 
mate product (industry and govern- 
ment). 

Thoughtful and balanced men who 
give attention to this problem recog- 
nize clearly that there is no basis for 
assuming that this dissatisfaction stems 
either from the inadequacy of per- 
formance of our engineering schools 
in earlier days, nor for that matter 
even the nature of their activities at 
the present. Taken in the large, the 
record of our engineering schools has 
been remarkably good. But in a 
sense we have come to realize that 
certain characteristics of our imme- 
diate national and international future 
have now become known, and in the 
minds of those who recognize the di- 
rection in which we move it becomes 
clearer that while much of what is 
now being done in engineering educa- 
tion must continue, there need to be 
added new dimensions if the challenge 
of that future is to be met with suc- 
cesss. 

Basically the problem that bedevils 
the engineering educator stems from 
the change in the nature of our so- 
ciety. Two phases of this change 
cause us to recognize the inadequacy 
of what now is being done. One of 
these involves the sheer size of the 
work with which the engineer must 
now attempt to cope. At the turn of 
the century the engineer was said to 
be assigned to “jobs,” and these were 
in effect small affairs for the most part 
relatively easily managed and unen- 
cumbered by the complexities which 
emerge from enormity. But in 1958, 
the engineer finds himself assigned not 
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to a job but a “project.”* The “proj- 


ect” rather than being small and sim. 
ple, typically will be characterized as 
very large and extremely complicated, 
The year 1900 could not even envision 
the kinds of engineering problems 
which it has already been necessary to 
solve in connection with such projects 
as the Dewline or the several guided 
missiles projects. 

The second basic difference be. 
tween 1900 and 1958, and these dif. 
ferences are by no means mutually 
exclusive, arises from the fact that 
these mid-twentieth century engineer. 
ing undertakings require of the engi 
neer a scope and range which were 
quite unnecessary for the engineer at 
the turn of the century. The engineer 
at the head of a multi-billion dolla 
project will find that he must have 
some knowledge of, and be able tr 
communicate with, the practitioner 
of law, of finance, and of politics. 
Here, as many an engineer has learned 
to his considerable discomfort, blue 
prints and formulae prove unsatisfac 
tory as media of communication 
Thus it becomes clear that the eng: 
neer of the future must not only k 
infinitely more skilled in his own dis 
cipline, but he must be at least 
adequate generalist in the discipline 
related scientifically to his own 4 
well as those liberal disciplines whieh 
permit him to understand somethin 
about the nature of the physical an 
social world and the human being 
and their works with which that worl 
is populated. 

The truth of the matter is that w 
shall not be able to develop in am 
one individual the capacities to dod 
of the kinds of work which will be de 
manded in the total engineering pro 
ess of the future. We are faced wit 
the necessity of training not one bi 


1Jt is recognized that in some quattet 


the term “project” has a bad odor, but herf th 


it will suffice to demonstrate the distincti# 
in mind. 
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Mar., 1959 MEADOW BROOK SEMINARS 
three types of engineering practition- 
ers. Two of these types of educa- 
tional programs we either now have 
or at least have planned. It is to the 
third area that an engineering school 
starting from the present and planning 
for the future should devote its atten- 
tion. 

Briefly put, the three kinds of engi- 
neering practitioners which will be 
needed can perhaps be described as 
the innovators and directors, the ap- 
plicators, and the technicians. Most 
of our present engineering schools are 
doing an adequate job of educating 
the middle group. These are the en- 
gineers who will take the ideas of 
others and design the machinery for 
implementation. Even these, how- 
ever, will probably have to deal with 
applications involving much more so- 
phisticated situations than have been 
customary in the past. At the lower 
level of the technician, it is probable 
that we are not as yet completely 
tooled up educationally to produce 
these in the required abundance. But 
the plans that are common in many 
states to develop technical institutes 
in connection with community and 
junior colleges would seem to give 
promise that this problem is on its 
way to a solution. 


Innovators 


It is education for the innovating 
and directing engineer of which we 
are now in such very short supply. 
Those few innovating engineers we 
now have seem to have risen to their 
position in spite of the frustrations of 
educational programs designed essen- 
tilly to make applicators of them. 
One of the most remarkable things 
about genius is that it seems almost 
impossible for even a bad education 
to frustrate it. 

On one matter there seems to be 
rather clear agreement and this is that 
there are relatively few individuals 
equipped with the intellectual ability, 
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the willingness to work, and the per- 
severance necessary to be education- 
ally inducted into the innovating class. 
Here, perhaps, we come to our first 
principle, and this is that any institu- 
tion which intends to devote itself 
either wholly or partially to the educa- 
tion of the innovating and directing 
engineer must restrict the students 
undertaking such a program to those 
of high intellectual ability who are 
possessed of a willingness to work and 
presevere. Just how high this intel- 
lectual ability must be is, of course, 
not known with any precision. 
Whether it is a program that can be 
undertaken only by the top 2 per cent 
or by the top 10 is a matter on which 
wisdom will only grow from experi- 
ence. 

It is equally clear that the able stu- 
dents destined to undertake the kind 
of program here envisioned should be 
identified as early as possible, and 
from the moment of identification 
given special programs commensurate 
with their ability and designed to lead 
them in the desirable direction. Again 
there is no evidence that any man has 
been able to prescribe exactly the 
moment at which definitive identifica- 
tion and subsequent curricular segre- 
gation is possible. There seems to be 
agreement that this should take place 
at the very latest by the end of the 
sophomore year in the university, and 
imagination may develop ways of 
moving the date closer to the end of 
the secondary school experience. 

If it be accepted that the most im- 
portant role which a new and unsul- 
lied engineering school might under- 
take is the education of these inno- 
vators and directors, then, of course, 
the logical first question is of what 
should this education consist? Short 
of experience as we are, it is easier to 
demonstrate what an education such 
as is here under discussion should not 
contain. Certainly this program should 
eschew any of the emphasis on voca- 
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tionalism which has characterized too 
many engineering programs. This is 
probably true for all of engineering 
education, but it is particularly ap- 
plicable in the present instance. The 
reasons for this are clear and simple 
once analysis is applied. To try to 
teach narrow technologies on the uni- 
versity campus is but to dabble in cer- 
tain obsolescence. The rate of change 
within industry is such that inevitably 
the special vocational skills learned 
on a campus will be out of date by 
the time the student is in a position 
to apply them in practice. In view of 
this, industry has come to recognize 
that the problem of teaching the ap- 
plication, the art, is its province and 
not the university’s. This is a kind of 
teaching that industry is much better 
prepared to undertake. 

To state positively, however, of 
what the new curriculum should con- 
sist is more difficult. Perhaps the term 
“engineering science” best connotes 
what is here in mind even though the 
engineering profession has not as yet 
succeeded in spelling out in any sort 
of a definitive fashion all that is here 
involved. Certainly it means concern 
with basic principles as opposed to 
knowledge of the art of application. 

A great deal of the difficulty in de- 
fining more clearly engineering sci- 
ence arises from the fact that it seems 
not to fit comfortably either of the two 
categories into which it is quite com- 
mon to divide science. While all 
who have given more than the most 
superficial of consideration to the clas- 
sification are convinced of its inade- 
quacy, the fact remains that we tend 
to divide science into the pure and the 
applied. Pure science can be roughly 
defined as that kind of scientific en- 
deavor the sole purpose of which is 
to understand phenomena. Applied 
science, on the other hand, is inter- 
ested in securing scientific information 
in order that it may be applied to 
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utilitarian objectives.? The best think. 
ing now would seem to indicate that 
engineering science is neither of these, 
some of both, and possibly something 
in addition. Beyond a recognition 
that engineering science must empha- 
size first principles of science and pay 
relatively little attention to the art 
of application in particular situations, 
there is little agreement on its precise 
content. 

Certainly the leaders in the field of 
engineering education are agreed that 
in addition to replacing present 
courses in engineering with experi- 
ences in the engineering sciences, 
there must also be given a great deal 
more attention to those disciplines 
which undergird and buttress engi- 
neering. Particularly is this true of 
the natural sciences and mathematics. 
The engineering innovator of the fu- 
ture will have to be far better edu- 
cated in physics and in chemistry and 
particularly in mathematics than has 
been true in the past. This is the case 
not only because his success as an en- 
gineering scientist will depend on his 
capacity to use these tools, but also to 
give him one aspect of the greater 
range and scope which was mentioned 
earlier. 

A third phase of the education of 
the innovating engineer to which at- 
tention must be given is that which 
might be called liberal or general or 
social-humanistic. This is of prime 
importance to him professionally, for 
as has been suggested above, the type 
of engineer here being contemplated 
will have to be able to understand and 
communicate successfully with men in 
many other professions and vocations 
if he is to successfuly perform his task. 
Nor would it be wise to overlook the 
fact that the student will become 4 

2'The difficulty with this classification of 
pure and applied science is that basically it 
depends on a knowledge of the subjective 


motivations of the scientist, the nature of 
which he may be unaware of himself. 
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man and a citizen before he becomes 
an engineer, and his education as man 
and citizen should no more be neg- 
lected than his education as an en- 
gineer. 

There remains, of course, the prob- 
lem for one who would construct a 
program for the engineering scientist 
as to how much of the time should be 
devoted to these three phases of the 
total. Those schools which seem to 
have most closely approximated the 
curriculum here under discussion, de- 
vote approximately 20 per cent of the 
student’s time to the liberal, 35 per 
cent to the scientific and mathemat- 
ical, and 45 per cent to engineering 
science. Some would contend that 
40 per cent of the time for engineer- 
ing science and 30 per cent for both 
the physical sciences and mathemat- 
ics and liberal and general education 
would give greater promise of achiev- 
ing the objectives in mind. 

Questions have been raised as to 
whether it is possible, even with the 
brightest of students and the best of 
faculties, to achieve this three-faceted 
objective within four years. Some in- 
stitutions have contended that it is 
not, and, as a result, have inaugurated 
five-year programs in the field of en- 
gineering. The consensus of opinion 
seems to be that this is not wise. Fre- 
quently extending to five years has 
simply meant a dilution of the pro- 
gram and the introduction of matters 
better left untaught. A wiser solution 
sems to be to recognize, first, as 
should be recognized with all under- 
graduate programs, that it is simply 
impossible in four years to teach every- 
thing that might be desirable, and, 
secondly, to recognize that for the en- 
gineers here under consideration some 
graduate work would seem almost es- 
sential with most of these engineering 
scientists continuing on to the level 
of the doctorate. 

It already has been emphasized that 
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a program in engineering science can- 
not possibly be undertaken by all of 
the students who elect to become en- 
gineers, but rather that it is a program 
which should be reserved only for the 
most able and the most diligent. But 
it is equally true that such a program 
can by no means be taught by all en- 
gineering faculties. Such a program 
as is now under discussion will require 
a faculty of the very highest quality— 
the members of which themselves ap- 
proximate at least some of the excel- 
lences desired in the students. This 
means that an institution undertaking 
such a program must provide salaries 
which will permit it to compete for 
the very ablest of engineering teach- 
ers. But this is not the whole, perhaps 
not even the heart, of the matter. Re- 
search opportunities and the chance 
to work with graduate students will 
weigh equally heavily with good en- 
gineering scholars as a means of in- 
ducement. While it is recognized that 
any new institution will have to con- 
centrate its early attention on instruc- 
tion, if engineering science is to be 
the motif, then from the beginning 
there must be envisioned both a grad- 
uate program and opportunities for 
research. 

To some extent, an institution lo- 
cated in an area where many fine en- 
gineers are employed could rely on 
the services of some of these engineers 
on a part-time basis, if they are used 
to teach the areas in which they have 
great competence and not to com- 
pensate for a shortage of permanent 
staff. But there is no substitute for 
a core of full-time, permanent faculty 
members whose exclusive responsibil- 
ity is the preservation, discovery, and 
transmission of knowledge of and 
about engineering science. It seems 
likely that the kinds of faculty mem- 
bers who would be most attracted to 
a new venture of this sort would be 
the extremely able young teachers and 
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scholars who saw in the venture an 
opportunity to make a significant con- 
tribution to the development of engi- 
neering scientists. 

The approach which has here been 
taken, it must be emphasized, is only 
partial. It would be wrong to suggest 
that all schools of engineering should 
so concentrate their efforts, for not 
only has it been pointed out that only 
a few can qualify intellectually for this 
kind of program, but, moreover, the 
future will still be characterized by 
great needs for the other two types of 
engineering practitioners earlier de- 
scribed. These, too, must be appro- 
priately educated and trained. 

It is true that the development of 
this kind of an engineering science 
curriculum poses problems for a state 
university. In the first place, it de- 
mands a degree of selectivity for the 
engineering curriculum which is some- 
times not characteristic of a public 
university; but perhaps the time has 
come when the public is willing to 
recognize that while it must provide 
higher educational opportunities for 
great masses of students, it also, if the 
public is to remain healthy, must pro- 
vide special kinds of opportunities for 
the unusually able. 

It seems doubtful that an institu- 
tion which considered itself only re- 
gional in terms of a service area could 
well embark on this curriculum, for 
in order to procure a sufficient num- 
ber of talented students only an entire 
state or a region of several states or 
indeed the nation provides an ade- 
quate reservoir of student talent. 

One would speculate with a new 
institution as to what kind of an or- 
ganization should be contemplated. 
Those of long experience in existing 
institutions are aware of how often 
the division of the university into col- 


leges, and subsequently into depart. 
ments, stands in the way of the in. 
tegration of disciplines which now 
seems so necessary to educational 
progress. No one has really examined 
the possibility of operating a univer. 
sity without either college or depart. 
mental organizations whether they be 
under these names or not. And it js 
a matter to which thought should be 
given. Perhaps by the very nature of 
a social institution some functional or. 
ganization is necessary, but certainly 
it would be well when developing a 
new institution to avoid the rigidity 
and intellectual provincialism which 
unfortunately characterizes the pres- 
ent organization of too many institu. 
tions of higher learning. In engineer. 
ing, for example, there might be some 
merit in refusing to impose the cur 
rent departmental organizational pat- 
tern on a new school and, instead, or. 
ganizing both the curriculum and the 
administration of the school around 
such concepts as materials, energy, 
and man. 

One hundred years ago engineer 
invented things that scientists did not 
understand. The steam engine, fa 
from being based on previously com- 
pletely known scientific principles, 
raised questions which subsequently 
the scientists had to answer. Today 
the situation is reversed. Invention 
and innovation will be the product 
only of those who are firmly grounded 
in the sciences. Beyond the level of 
the gadget, the bright intuitionist with 
a mechanical bent will make few mz 
jor contributions in the century ahead. 
We must depend for our engineering 


_ progress on extremely able men who 


are well educated liberally, scienti 
ically, mathematically, and as eng: 
neering scientists. 
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A SURVEY OF CURRENT CHANGES 
THAT ARE MODERNIZING 
ENGINEERING EDUCATION 


L. E. GRINTER 


Past President ASEE, Dean of the Graduate School, 


When the writer was asked to sum- 
marize for the Council of ASEE the 
changes in engineering education that 
had taken place since the presentation 
of the Report on Evaluation of En- 
gineering Education in 1954-55, he 
quickly concluded that facts rather 
than opinion would be needed. One 
senses that engineering education has 
been passing through a period of 
accelerated evolution in which the 
Evaluation Report was only one incit- 
ing factor. Others were the economic 
boom which was sustained by creative 
activities of engineers, the introduc- 
tion into the engineering field of sci- 
entific advances at a rate greatly ac- 
celerated by governmental and indus- 
trial emphasis upon applied research, 
and the intensive technological com- 
petition from abroad. These extra- 
ordinary factors would have brought 
about a change in engineering educa- 
tion without the aid of ASEE. How- 
ever, its timely report, which presaged 
these influences and suggested the di- 
rection for curricular change, doubt- 
less accelerated normal adjustments. 


Publications and Reports 


The office of ASEE furnished a list 
of journal publications judged to relate 
to the work of the Committee on 
Evaluation of Engineering Education. 
It was found that 24 such articles ap- 
peared in 1953-54, that 11 appeared in 
1954-55 and that 12 were published 
in 1955-56. Only 6 articles related to 
curriculum revision appeared in 1956- 
57, but the number has risen to 18 
through the April issue of the JourNAL 


University of Florida, Gainesville 


for 1957-58. It appears then that cur- 
ricular adjustment is again a matter 
of increased concern. This may well 
be due to the stimulation of the past 
year produced by our realization that 
international competition will greatly 
influence the work of engineers over 
the next decade. It is also doubtless 
influenced by pressures for more engi- 
neers trained with the theoretical tools 
needed for active functioning with re- 
search teams. 

To obtain facts regarding the extent 
of adjustments in curricula and in the 
faculties that teach engineers, the 
writer contacted all deans of engineer- 
ing and received useful data from 
more than fifty per cent of our engi- 
neering colleges. Since the Report on 
Evaluation of Engineering Education 
had been circulated in two preliminary 
forms in 1953 and 1954 before its final 
publication in 1955, it seemed desir- 
able to permit the institutions to 
choose any date after 1953 as a base 
from which to report changes and ad- 
justments. Generally speaking, a pe- 
riod of about four years was involved. 
As the reports were studied it became 
evident that there were some notice- 
able variations related to basic objec- 
tives of the institutions reporting. 
Hence a subdivision of institutions 
based upon a classification suggested 
by S. C. Hollister, “Analysis of Educa- 
tional Potential in Engineering Col- 
leges,” JouRNAL, April, 1958, pp. 586— 
593, was adopted. All institutions that 
awarded Ph.D. degrees in engineer- 
ing in 1952-55, of which forty-five had 
reported, were placed in group 1. All 
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institutions that awarded engineering 
master’s degrees in 1954-55 but not 
Ph.D.’s were placed in group 2. 
Thirty-five institutions fitted into this 
category. The remaining twenty-six 
institutions, which had awarded only 
the bachelor’s degree in engineering 
in 1954-55, were placed in group 3. 
These groups are separated vertically 
and are indicated in the left-hand 
columns of Tables I, II, and III. 


Growth and Strength of Faculties 


It is to be noted in Table I that all 
institutional faculty groups have grown 
in size. Those faculties granting the 
Ph.D. degree, for example, have in- 
creased on the average by twenty-five 
faculty members, which, incidentally, 
represents about a twenty-five per 
cent growth. This growth in a large 
majority of institutions has been ac- 
companied by an increase in the num- 
ber of Ph.D.’s on the faculty and also 
by an increase in master’s degrees. 
Accompanying this increase in schol- 
arly attainment there is reported a 
strong growth in faculty interest in re- 
search. There is nothing here to raise 
a question as to the possible weaken- 
ing of engineering faculties through 
industrial or other competition. In 
fact, the reverse seems indicated al- 
though a study of actual percentages 
of Ph.D.’s on engineering faculties by 
years might produce a somewhat dif- 
ferent conclusion. 

Doubtless it is significant that salary 
increases reported in Table I have 
averaged seven per cent per year for 
the most advanced institutions and 
ten per cent per year for the middle 
group. Apparently the group award- 
ing the Ph.D. degree had sufficiently 
high salaries in 1954 to remain com- 
petitive with somewhat smaller per- 
centage increases in salaries than those 
not awarding the doctor’s degree. The 
fact that all engineering institutions 
taken as a group appear to have in- 
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creased salaries about 8.5 per cent per 
year is a strong indication that forces 
are evolving which will provide a one 
hundred per cent increase in engineer. 
ing salaries needed by 1968-70 in or. 
der to generate faculties to meet the 
radically increased demands in under. 
graduate education, graduate educa- 
tion, and fundamental as well as ap- 
plied research that are just becoming 
evident in 1958. 


Curricular Changes in Science 


Table II summarizes the curricula 
changes that have influenced the sci- 
ence content of engineering education. 
In mathematics it is clear from the re- 
ports that significant changes have al- 
ready occurred. Even though differ. 
ential equations was a_ reasonably 
common requirement for many engi- 
neering curricula in 1954, an addi- 
tional eight per cent of institutions 
have made it a universal requirement 
for engineers and about twenty-five 


per cent of the engineering schools’ 


have added it as a requirement in one 
or more curricula. Nearly one-half of 
the colleges of engineering report a 
strengthening of the mathematics re- 
quirement in some manner. These de- 
vices may include increased credit 
hours, increased entrance require- 
ments, or merely an accelerated pace. 


They are clearly stimulated by the } 


belief that a deeper knowledge of 
mathematics lies at the heart of the 
engineers problem of maintaining 
leadership in the world of nucleonics, 
astrophysics, automatic computation, 
rocketry, solid state metallurgy and sys- 
tems analysis that will soon make pos- 
sible such advanced devices as space 
platforms and anti-missile missiles. 
In chemistry the curricular adjust: 
ments are less pronounced than in 
mathematics, but still eleven per cent 
of institutions report a strengthening 
of chemistry credit or content. An 
equal number have the chemistry se- 
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quence under present study. Since 
1954, from thirty-five to forty per cent 
of engineering schools have increased 
the credit hours devoted to the study 
of physics. Frequently the change in- 
volved has been rather drastic in terms 
of an added year of study of physics 
with the introductory course starting 
earlier than the sophomore year. In 
other cases the introductory course re- 
mains in the sophomore year but is 
followed by a required course in nu- 
clear or modern physics in the junior 
or senior year. When one sums the 
percentages of institutions reporting 
curricular additions either in mathe- 
matics, physics, or chemistry the re- 
sult exceeds 100 per cent, which sig- 
nifies that credit hours have been 
added on the average in more than 
one area of science. 


Curricular Changes in Humanistic 
Courses 


Perhaps it will be something of a 
surprise that some sixty per cent of 
institutions have found it possible in 
the past four years to increase the re- 
quired or elective credit in the human- 
istic and social fields for engineers. 
At long last the recommendation of 
the 1945 ASEE Committee on Engi- 
neering Education after the War, re- 
emphasized by the Committee on 
Evaluation of Engineering Education 
in 1955, that about one-fifth of engi- 
neering study should be in liberal 
fields, seems likely to be accomplished. 
Time has been gained by reduction 
or elimination of ROTC credit ‘in 
some instances or by readjusting other 
technical studies as required. Cur- 
ricula will contain fewer courses of 
technical non-engineering content and 
more courses of liberal content in the 
immediate future. There still seems 
to be a tendency to pre-select for the 
student the studies that he shall cover 
in the liberal field, although a reason- 
able percentage of institutions report 


a more liberal policy of permitting the 
student to exercise his initiative and 
develop his special interests through 
choice of coordinated humanistic and 
social electives. 


‘Curricular Changes Involving 


Engineering Courses 


Although changes in science and 
humanistic courses predominate, some 
eighty-seven per cent of institutions 
that grant the Ph.D. degree report the 
dropping of courses in engineering 
practice, art or other technical areas 
and the introduction of work in engi. 
neering science or analysis and design, 
Most of these changes were occasioned 
by the acceptance of the theory that 
the fields of engineering science are 
essential background for engineers and 
that the emphasis in these areas mus 
be increased. In fact, forty per cent 
of the institutions granting the PhD. 
degree report an increase in required 
or elective study in the engineering 
science areas. Perhaps it is equally 
significant that despite these change 
more than fifty per cent of the institu 
tions report their undergraduate cur 
ricula to be under present study. 


New Curricula in Engineering 


It seemed significant in the replies 
received that a large percentage d 
new curricula or options mentioned 
were of a rather scientific nature 
Such titles as Engineering Science 
Engineering Physics, Engineering Me 
chanics, and Nuclear Engineering pre 
dominated. One new title, Mathe 
matical Engineering, was noted a 
though some additional curricula wert 
described as being essentially of the 
same character without use of the 
name. The objective of such curricuk 
or options seems to be to produce! 
person who can aid research engineers 
in solving difficult theoretical prob 
lems by use of pure and applied math 
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ematics, statistics, and machine com- 
putations. It should be noted that no 
new undergraduate curriculum in nu- 
clear engineering was reported al- 
though there was mention of several 


QUOTATIONS ON 
UNDERGRADUATE CURRICULAR 
FROM LETTERS FROM DEANS 


No set of quotations as brief as 
those which follow could give a well 
balanced viewpoint of reports re- 
ceived from more than one hundred 
institutions expressed through a thou- 
sand pages of written and duplicated 
material. Hence the writer has merely 
quoted those comments that briefly 
and succinctly clarify areas of curric- 
ular revision. It may be that these 
quotations overemphasize the degree 
of change that has occurred over the 
past few years, since those who re- 
ported may have tended to mention 
advances rather than static areas of 
the curriculum. However, considered 
in proper perspective along with the 
tabular material that precedes this 
section these quotations give vitality 
to the statistical picture of curricular 
revision. One senses in these com- 
ments an acceptance of rapid change 
as a normal expectancy in a world that 
lives in an era of scientific and tech- 
nological eruption. There is also a 
feeling of assurance that change can 
be expected to continue to meet any 
challenge that may come to the engi- 
neering profession. 


COMMENTS CONCERNING THE 
MATHEMATICS SEQUENCE 
(from different institutions ) 


“In general, from three to six semester credit 
hours have been added in mathematics for 
engineering curriculums.” 


“EE has added differential equations, ad- 
vanced calculus, and two other mathematics 
courses under the EE label.” 


MODERNIZING ENGINEERING EDUCATION 
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at the master’s degree level. Mention 
was also made of nuclear emphasis or 
options in long established engineer- 
ing departments as the preferred solu- 
tion to this need by several institutions. 


CHANGES 


“The requirement of ordinary differential 
equations by all departments, and the inclu- 
sion of advanced differential equations as an 
elective has been made.” 


“In general practically all electives are now 
being used in the fields of mathematics and 
physics. It is not at all uncommon, espe- 
cially in the area of mechanical engineering 
and electrical engineering, to have students 
graduate with two or more courses of ad- 
vanced mathematics beyond ordinary differ- 
ential equations. It is also very common to 
find one or two courses in physics beyond 
that normally required.” 


“Algebra and trigonometry have been elim- 
inated as required freshman courses, and in- 
struction in mathematics next fall will start 
with analytic geometry. The six semester 
hours thus gained will be used for a course 
in atomic physics and three semester hours 
of differential equations for all engineers.” 


“The entire mathematics sequence has been 
upgraded. We are modifying the course in 
engineering analysis to include some work 
in statistics.” 


“A first course in differential equations is 
completed at the end of the sophomore 
year. 


“E.E. has added an additional four hours, 
making a total of 9 hours in an advanced 
mathematics sequence covering differential 
equations, LaPlace transform, Bessel func- 
tions and matrix algebra.” 


“We have increased the mathematics in most 
curricula by at least three hours.” 


“Our mathematics sequence now consists of 
three 5-hour courses in calculus and a 3-hour 
course in differential equations offered dur- 
ing the sophomore year.” 


“All engineering students now require not 
only differential and integral calculus but 
also differential equations. Electricals re- 
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quire an additional term of advanced mathe- 
matics in the junior year.” 


“A third year of mathematics at the advanced 
calculus level is being added to the depart- 
ments of electrical, mechanical and petro- 
leum engineering.” 


“Differential equations was made a require- 
ment for all engineers.” 


“Differential equations is a requirement for 
graduation in all engineering curricula. This 
was made possible by requiring trigonometry 
as an absolute entrance requirement.” 


“The total credit hours in mathematics was 
increased from 18 to 21.” 


“During the last few years advanced calculus 
has been made a requirement in chemical 
engineering and civil engineering.” 


“While the required credit hours in mathe- 
matics have been cut the engineering student 
now starts his mathematics at a level of two 
courses higher and as a result takes an addi- 
tional higher course in this subject than pre- 
viously.” 


“Additional math has been incorporated in 
the aeronautical, chemical, civil, industrial, 
and metallurgical engineering curricula.” 


“Statistics will probably be offered to all 
students because our faculty believes that 
few experiments can be performed properly 
without the proper use of statistics.” 


“Civil, industrial, and mechanical engineer- 
ing have each added a course in differential 
equations to their requirements at the ex- 
pense of engineering courses.” 


“We start our engineering math with an- 
alytical geometry, two courses of calculus in 
the freshman year, followed by two courses 
of differential equations in the sophomore 
year, and a course in numerical analysis. 
Next year we are adding a course in the use 
of the digital and analog computer in each 
department. We are also offering in the 
chemical, civil, and electrical engineering 
departments a third or fourth year option- 
course in mathematics, especially adapted to 
the needs of that department.” 


COMMENTS CONCERNING THE 
PHYSICS SEQUENCE 
(from different institutions) 


“All engineering students take a physics se- 
quence extending through two of our years 
for a total of 12.8 semester hours.” 


“The terminal course is atomic physics which 
was introduced in 1955 and is required of 
all engineering students.” 
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“Course content of physics has been revised 
to include more modern physics.” 


“The 12 credits in physics have been rear- 
ranged to include atomic and nuclear phys- 
ics.” 


“We have added atomic physics to the elec. 
trical engineering program.” 


“Civil engineering dropped 9 courses and 
added 9 courses. One of the latter was 
atomic physics.” 


“Physics (was changed) from two five-hour 
courses to three four-hour courses, including 
more modern physics.” 


“We are revising our physics (sequence), 
We had required two years but have added 
a course in modern physics.” 


“Two of these curricula also are including 
work in modern physics.” 


“To strengthen the engineering sciences, a 
course in modern physics for engineers was 


added.” 


“The physics stem ends with modern phys- 
ics.” 


“There is at present much study on the pos- 
sible advantages of offering a third semester 
of physics in the first term of junior year, 
especially for M.E., E.E., and Ch.E, stu- 
dents.” 


“Every student is required to take four se- 
mesters of physics in courses primarily for 
engineering students. This is twice the 
physics previously required.” 


“These new curricula are characterized by 
having four courses in physics in the fresh- 
man and sophomore years with strong em- 
phasis on modern physics and a fourth 
course devoted entirely to atomic and nu 
clear physics.” 


“The required 3-hour course in electrical 
measurements given by the Physics Depatt- 
ment will be dropped and a 3-hour course 
in modern (nuclear) physics, given by the 
Physics Department, is to be required.” 


“The addition of one semester of physics to 
all curricula (has been made).” 


“Modern physics is now a much more pop 
ular elective than it was a few years back. 


“All curricula have a course in nuclear phys 
ics; not formerly included.” 


“We also require more physics and chemistry 
than was previously required. The physics 
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requirement is equivalent to 15 semester 
units.” 


“Since 1954 we have changed the engineer- 
ing problems of our common freshman 
(year) to an engineering concepts (course ) 
which is essentially the subject matter of 
classical physics taught from an applied ap- 
proach. This has made possible the eleva- 
tion of subject matter in engineering physics, 
the increase of physics hours, and the teach- 
ing of physics by application of calculus.” 


“Modern physics will probably be required 
in addition to the three-semester sequence in 
classical physics.” 


“Credits assigned to basic physics courses 
were increased from 12 to 15.” 


COMMENTS CONCERNING THE 
CHEMISTRY SEQUENCE 
(from different institutions ) 


“We are initiating this fall an entirely new 
course given by the Chemistry Department 
on the structure of matter. This will re- 
place the first course of the standard general 
chemistry curriculum. We will after this 
year have three required courses in chem- 
istry for all engineers instead of two.” 


“Addition of physical chemistry to chemical 
engineering (accomplished in 1955 and to 
be continued ).” 


“Credits assigned to basic chemistry courses 
were increased from six to eight.” 


“We complete two years of mathematics, 
physics, and chemistry.” 


COMMENTS CONCERNING 
ENGINEERING SCIENCE 
(from different institutions ) 


“We believe that the future education for 
engineering in the university should be based 
on the engineering science concept, rather 
than on the traditional emphasis on art, tech- 
nology, and skill,” 


“A new course emphasizing thermodynamic 
calculation has been substituted. All curric- 
ula have increased slightly the emphasis on 
basic sciences and have increased greatly the 
emphasis on the engineering sciences.” 


‘lh every course in the entire College of 
Engineering there has been a very strong 
tend towards a greater and greater reliance 
on the basic sciences. This in turn has 
greatly strengthened the content of the engi- 
neering sciences.” 


“There is greater emphasis on mathematics, 
ic science, and engineering’ science.” 
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“As required courses, a fifth term of physics, 
modern physics, a course in physical chem- 
istry, a senior course in chemical engineer- 
ing, a course in statistics and a laboratory 
course in stress analysis. The course in ther- 
modynamics has been changed to fit the 
needs of all departments rather than the 
needs of the Mechanical Engineering De- 
partment alone. All interested departments 
now take part in planning and teaching the 
course.” 


“Our mechanical engineering curriculum has 
similarly been completely over-hauled and 
reoriented this year, the majority of the 
courses being entirely new ones. Courses in 
power equipment, metal processing, kinemat- 
ics, heat engineering, mechanical engineering 
laboratory, mechanical design, air condition- 
ing and the like have been replaced by 
courses in mechanics, dynamics, thermody- 
namics as an engineering science, engineer- 
ing properties of materials, mechanical engi- 
neering analysis, those covering the modern 
approach to fluid mechanics, heat transfer, 
advanced dynamics and vibration, power 
systems and the like.” 


“More stress on heat transfer in mechanical 
engineering and the transference of internal 
combustion engines to an elective status (has 


been made).” 


“More stress (has been placed) on fluid dy- 
namics in various departments.” 


“The elimination of the surveying require- 
ment and the introduction of heat transfer 
and electronics as requirements for mechan- 
ical engineering (has been accomplished ).” 


“In mechanical engineering, more emphasis 
on heat transfer and heat (jet) propulsion 
(has been given).” 


“All students take a course in physical metal- 
lurgy which includes physics of solids.” 


“Individual courses keep progressing in gen- 
eral toward a higher level of engineering sci- 
ence content.” 


Engineering sciences’ plus the engineering 
concepts (course) of the common freshman 
year will constitute the core pattern of each 
curriculum in engineering.” 


“Our Aeronautical Engineering Department 
has strongly modified its program by discard- 
ing courses on details of airplane design and 
substituting more unified treatments of aero- 
dynamics, mechanics, and thermodynamics.” 


“The engineering sciences have been co- 
ordinated with all engineering curricula hav- 
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ing identical courses rather than specialized 
courses for the different groups.” 


“The new program has increased emphasis 
on the engineering sciences by revisions of 
existing courses and by introduction of addi- 
tional courses.” 


“The trend in the College of Engineering 
over the past five years has been to reduce 
the laboratory and to increase the engineer- 
ing science offerings.” 


“Several curricula have added fluid mechan- 
ics and heat transfer, vibrations, advanced 
strength of materials.” 


“Thermodynamics will probably be offered 
as the same course to all engineers for a 
3-hour course and then will be followed by 
more specialized thermodynamics for the 
various curricula.” 


“A new required course in materials, based 
. . . > 
upon modern physics, is included.’ 


“The six basic engineering sciences as de- 
fined in the ASEE report were incorporated 
into all degree curricula. The single excep- 
tion at the present time is a course on rate 
processes for civil engineering students.” 


“Six courses in the engineering sciences, 
which are organized under an undergraduate 
group committee on Engineering Science 
with representatives from all five engineer- 
ing schools (characterize this new curric- 
ulum).” 


“The work in materials has become an in- 
troduction to the physics and chemistry of 
the solid state.” 


“Students now have better and more prep- 

aration in basic sciences and can progress 
. . . . . ” 

more rapidly in the engineering sciences. 


“The civil engineering program has been re- 
organized and several of the more applied 
courses have been dropped in favor of devot- 
ing more time to basic engineering science 
courses.” 


COMMENTS ON ENGINEERING 
ANALYSIS AND DESIGN 
(from different institutions ) 


“Courses that were formerly largely descrip- 
tive have given way to courses in engineer- 
ing analysis and design.” 

“The engineering elective is a 6-hour course 
in analysis, synthesis and design.” 


“Although the course contents have been 
changed with greater emphasis on the math- 
ematical approach to engineering analysis 
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and design, there has been little change in 
the number of semester credit hours. Hoy- 
ever, the material covered has been increased 
in both scope and difficulty.” 


“We are slowly building toward more con. 
prehensive senior year offerings in analysis 


“In general we have fewer required course 
in the practice aspects of engineering ani 
more analytical courses.” 


“All engineering courses at the junior and 
senior level have been changed. Some of 
these changes represent almost 100% re 
vision of content and emphasis.” 


“An attempt (is being made) to change de 
sign to creative synthesis.” 


“Higher courses have been added to the cur 
riculum such as introduction to nuclear en 
gineering, servomechanisms, theory of auto. 
matic controls, fields and waves, modem 
materials properties, advanced strength o 
materials, mechanical vibrations and at. 
vanced fluid mechanics. Also thesis requir 
ments have been added.” 


“A rigorous scientific approach has bea 
taken in all engineering courses includin 
technical drawing. The ‘know-how’ hs 
been de-emphasized and the ‘know-why’ his 
been emphasized.” 


“Internally, the engineering courses are cor- 
tinually being revised, with more emphasis 
on true fundamentals and the elimination d 
training for specific professional skills.” 


“More emphasis has been placed on eng: 
neering analysis and design.” 


“Our 1958 curricula as compared with th 
1953 version is basically marked by a cor 
siderable change from the ‘how to do it’ tye 


of course to one more soundly based af 


mathematics and science.” 


“Civil engineering, industrial engineering 
and civil engineering construction have mat 
more drastic revisions than the other cu 
ricula. These have definitely been toward# 
engineering science and engineering analyst 
approach.” 


“Attention at this moment is on strengthet 
ing of design.” 


“Greater stress is being laid on design, whid 
is being used as an integrating course for th 
fundamental sciences previously studied. 


“We have for quite awhile been steering 0 
course work away from application and te 
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ward core material in basic science, engineer- 
ing science, and engineering analysis and 
design.’ 


COURSE ELIMINATIONS INVOLVED 
IN REORIENTATION 
(reported by different institutions ) 


“ROTC is now an overload in the first two 
years and substitution for technical or hu- 
manities courses is no longer permitted. 


“Removal of the alternation of the junior and 
senior humanities courses with the advanced 
ROTC courses (has been done).” 


“There has been a significant reduction in 
descriptive technical courses and a marked 
decrease in the number of options. 


“We have improved the stature of our course 
in engineering drawing while decreasing the 
amount of time devoted to the subject. We 
have done this by consolidating a two se- 
mester drawing sequence into a one semester 
full course load.” 


“There has been a decrease in emphasis on 
application courses.” 


“A full term course in industrial chemistry 
has been dropped.” 


“The shop and surveying courses have been 
eliminated. The former drawing courses 
have been reduced to one, three credit 
course, and this emphasizes pictorial repre- 
sentation.” 


“The required course in steam and gas en- 
gines was replaced by a course in applied 
thermodynamics.” 


“Civil engineering has made substantial 
changes this year in reducing surveying and 
drawing requirements.” 


“Our Civil Engineering Department has 
thrown out several arts type courses, has in- 
creased its mathematics content to that re- 
quired in all other engineering curricula, 
namely, through differential equations.” 


‘Part of the opportunity for the improve- 
ments has come about through a reduction 
in applied engineering courses.” 


“The greatest change has been the reduction 
in the engineering art courses such as shop, 
drawing, and surveying.” 


‘Shop practice (was) discontinued.” 


‘Elimination of the power and communica- 
tins options from Electrical Engineering 


Signifies that specialized courses are giving 
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way to fundamentals which are basic to all 
engineering.” 


“Industrial, aeronautical, engineering physi- 
ics, and mechanical engineering have cut in 
half the number of credits in ‘shop’ and 
moved toward engineering science.” 


“Proficiency in the ‘art’ of civil engineering 
is left to post-collegiate development and on- 
the-job experience.” 


“The drawing-descriptive geometry has been 
reduced from 7 to 4 semester hours.” 


“Here are some of the courses which were 
given in 1950-51 but are offered no longer: 
General Engineering (a multi-lecturer sur- 
vey course), Engineering Drawing, Applied 
Mechanics, Strength of Materials, Materials 
of Engineering, Heat Engines, Water Sup- 
ply and Sewage, Mechanism, Elements of 
Electrical Engineering, Heat Power Ma- 
chinery, Industrial Chemical Calculations, 
Technical Organic Processes.” 


“Our curricula have been revised extensively 
to eliminate all courses that were largely 
descriptive of the ‘art’ of engineering.” 


“We expect to give no credit toward our en- 
gineering degree for advanced ROTC in the 
future.” 


“Chemical Engineering reduced laboratory 
hours and credits in the course, Fuels and 
Lubricants. This was in the direction of 
reducing time spent on techniques.” 


“The engineering practice courses have been 
reduced about 10%, and a small opening 
(about 5%) has been made for elective 
courses.” 


“Several courses such as business law, sur- 
vey of accounting, senior seminars, writing 
for professional men, report writing, com- 
position, etc. (were eliminated) and more 
literature, great books, economics, political 
and economics world geography (were 
added ).” 


“A number of professional type courses and 
application courses emphasizing the practice 
of engineering have been eliminated.” 


“Two years ago Engineering Drawing was 
changed from a two-semester course to a 
one-semester course. Next year it may be 
dropped as a required course, but will be 
retained as an elective.” 


“The College of Engineering does not sub- 
stitute ROTC courses for any of the courses 
in the engineering curricula.” 
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“Since 1956-57 advanced ROTC is not 
counted in satisfaction of the engineering 
curriculum.” 


“The shop courses and the surveying course 
previously required for all freshman engi- 
neering students were completely deleted 
from the program.” 


“A 2 credit hour course in mechanical lab- 
oratory given by the Mechanical Engineer- 
ing Department is to be dropped.” 


“(We have) decreased the number of de- 
vice-oriented courses.” 


“Specialized engineering courses like power 
plants, internal combustion engines, refrig- 
eration and air conditioning, formerly re- 
quired, are now technical electives.” 


“On recommendation of the Drawing De- 
partment, descriptive geometry was then 
largely deleted; and vector algebra took its 
place in the fall of 1957.” 


EMPHASIS UPON HUMANITIES AND 
SOCIAL SCIENCE SEQUENCE 
(quotations from different 
institutional reports ) 


“The humanities and social studies require- 
ment will consist of eight semester courses in 
addition to English composition.” 


“Not more than six credits of advanced mili- 
tary science will be substituted for work in 
the humanities or social sciences. This rep- 
resents an improvement over our present 
situation in which we permit the substitu- 
tion of twelve credits.” 


“This sequence includes the new require- 
ment, all through the senior year, of a survey 
course of western literary culture.” 


“We have cut off some of the so-called ‘hard- 
ware courses. It is our feeling that we have 
strengthened the program for better living 
but on the other hand—graduate school for 
the majority is becoming an essential be- 
cause of this change.” 


“We have not been able to increase our hu- 
manistic-social offerings because of military 
conflict which has not, as yet, been decided 
upon by the Administration.” 


“Over 25% of each engineering curriculum 
is devoted to elective, humanistic-social 
studies.” 


“(Humanistic-social and cultural electives 
should be) properly distributed among the 
following areas: (a) verbal and written 
courses including speaking, literature, and 
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writing; (b) social sciences; (c) fine arts 
language, literature and music; and (d) his. 
tory, philosophy and religion.” 


“Addition (has been made) of more hu. 
manistic-social studies in the junior and 
senior years.” 


completely revised with a required total of 
45 quarter hours of 28.1 semester hours.” 


“The humanities have been substantially in. 
creased, more than doubled in credit hours” 


“Humanities have increased from approx: 
mately 20% to 26%.” 


“By increasing to approximately 814 seme. 
ters of required work, time has been allowed 
for additional work in humanistic-socid 
studies.” 


“We are quite pleased with the humanistic 
social content of our curricula. We requir 
30 semester hours, including freshman Eng. 
lish 6 hours.” 


“Addition of more humanities to the engi- 
neering curricula and removal of genera 
descriptive courses (was accomplished).” 


“We have added one hour of freshman Eng- 
lish in all of our engineering programs. We 
have also rather uniformly set out appror- 
imately fourteen hours of electives in the 
areas of humanities and social sciences. This 
is in addition to required work in English, 
speech, and economics in all of our cu- 
riculums.” 


“Our requirements in general education at 
to be increased.” 


“Three hours per week in an ‘Introduction 
to Humanities’ course and two hours pe 
week in a sociology course—both for the et 
tire year—replaced the former English cous 
of the first year.” 


“Humanities and social science will be it 
creased considerably in order to bring ust 
about one-fifth.” 


“Some progress has been made in increasii{ 
the credits allowed for the humanistic-socit 
studies.” 


“The humanistic-social study requirement 
mains at 22% of the total engineering pr 
gram, which is essentially the same as it he 
been for the past 35 years.” 


“In addition to two courses in English, a] 
engineers take seven elective courses in 
humanistic-social science group.” 
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SOME GENERAL COMMENTS 
(from different institutions ) 


“There is little in common between the 
catalogue material in 1953 and the 1958 
version.” 


“In place of these and other deletions are 
uniform requirements for not less than three 
full years of mathematics, two of physics, 
and one of chemistry, plus humanities and 
social sciences.” 


“Courses in manufacturing processes and 
materials, courses in production processes 
and in materials for all engineers except 
chemical have been revised and combined 
and start off with the atomic structure of 
metals and simple equilibrium conditions.” 


“The important engineering curricular 
changes that will appear in the 1958 catalog 
are that more mathematics will be required; 
more humanities and social sciences will be 
required.” 


“The trend in all of these minor changes has 
been to increase the hours allotted to hu- 
manities and non-technical electives, and to 
improve and adjust courses in engineering 
science.” 


“No free electives were listed in the 1953 
curricula; in the 1958 program nine elective 
credits are included in the civil engineering 
curriculum, three in the electrical engineer- 
ing curriculum, and six in the chemical en- 
gineering curriculum.” 


“Science requirements have been increased 
from 52 to 65 quarter hours.” 


“This group has been striving for a program 
which would provide greater emphasis on 
the basic sciences, more hours of electives, 
the elimination of survey type courses, an 
increase in the number of engineering sci- 
ence courses common to all departments, and 
a reduction in the number of different 
courses taken in the freshman year.” 


“The scientific content of the program has 
been definitely raised, perhaps by as much 
as 10%, without corresponding inroads in 
the humanistic stem.” 


“Our entire endeavor is to revise the curric- 
ulum with a scientific core for all branches 
of engineering.” 


“Any report that has produced as much dis- 
cussion both pro and con is bound to have 
extensive influence on the thinking of even 
those that disagreed most.” 


“(We) require trigonometry and so-called 
college algebra for entrance,” 
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“Entrance requirements to the College of 
Engineering have been tightened.” 


“It appears quite likely that the mathematics 
requirement for admission will be raised.” 


“First of all in 1957 the entrance require- 
ments have been increased so as to include 
mathematics through analytic geometry.” 


“Requirements for entrance to the college 
are being increased from 3 to 4 years of 
high school mathematics.” 


SOME NEW CURRICULA OF UNIQUE 
CHARACTER 
(reported by different institutions ) 


“A curriculum in Engineering Science and 
in Engineering Physics has been instituted 
and we find that these two curricula now 
have enrolled our best students who will 
make outstanding records. We have found 
likewise that industry needs a limited num- 
ber of these students and that they are very 
anxious to hire our students in this category.” 


“I am including a copy of our new Honors 
Program in Engineering Sciences.” 


“A Nuclear Engineering Option in the Metal- 
lurgical Engineering curriculum. Next year 
there will be offered a new graduate program, 
Master of Science in Nuclear Engineering.” 


“A new curriculum in Environmental Engi- 
neering has been developed to replace the 
old Sanitary option. The new program is 
heavy in basic science courses and suited to 
the problems of industrial wastes, radiation 
hazards, etc.” 


“Our Nuclear Science and Engineering pro- 
gram offers an indication of the trend. This 
is now a major activity. We have carefully 
avoided establishing a new department in 
this area, because we believe that nuclear 
science and engineering is simply modern 
engineering and not a new profession.” 


“Work in Nuclear Engineering has been 
added.” 


“A new department of Engineering Science 
was established. The new curriculum in En- 
gineering Science incorporates the concepts 
of an engineering curriculum designed to 
educate students for creative work preparing 
them thoroughly in basic science and mathe- 
matics and introducing them to the general 
field of engineering without excessive special- 
ization.” 


“One five-year program combines a Bachelor 
of Arts degree in Mathematics with a Bache- 
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lor of Science degree in the students’ chosen aerodynamics have been added, and there EN G 
field of engineering.” is appreciably more emphasis on basic sci- 
th h i 
“Bachelor of Engineering Mathematics (has a" wes the com i he Ot ae AS | 
been added).” 
. : : : “New curricula introduced within the period 
Bachelor of Science Degree in Applied are Nuclear Engineering and Metallurgical 
Mathematics (has been added). Engineering.” 
“Two years ago we introduced Salat “A new curriculum in Engineering Mechan- 
riculum in Engineering Mechanics which is ics will be inaugurated in the fall of 1958, 
more highly mathematical than any of the This curriculum is designed primarily for 
other engineering curricula. those interested in research and develop. 
“A new curriculum, Engineering Sciences, ment careers in the field of engineering.” 
has been added. “We have added options in engineering Unit 
“We also agreed that our degree designation physics in what we call Mathematical Engi | beta 
should be changed from Bachelor of Engi- neering, _— deals with applied mathe- alco 
neering to Bachelor of Engineering Science.” matics and machine computations. of ie 
“Engineering Science: This (new curric- “A new curriculum in Engineering Science aga 
Bs ) sucdistes the fundamental Civil En- was established in 1953 and the first class ig 
gineering courses with a liberal amount of was graduated in 1956. ae 
courses in Physics and Advanced Math.” es . , P ? protess! 
In Aeronautical Engineering two options unity. 
“A curriculum in Engineering Mechanics have been added—Airborne Systems and Air- foll 
leading to the B.S. degree (has been in- craft Option. Electrical Engineering—Aero and 
troduced ).” Systems Option.” 6a i 
Rather. 
“A curriculum in Aeronautical Engineering “We have introduced an option in our Engi- ds fies 
has been added. Several new courses in neering Physics curriculum, Nuclear Physics.” tio : 
nm anc 
permea’ 
educati 
public, 
These 
ASEE AT NUCLEAR CONGRESS from a 
professi 
John Roberson, new head of Associated Midwest Laboratories, the cre: 
will be the speaker at the ASEE luncheon at the Nuclear Congress interpla 
in Cleveland in April. The luncheon will be Wednesday, April 7. and des 
The 1959 Nuclear Congress will be held in the Cleveland public nomic e 
auditorium April 5-9. Theme of the congress, which will be systems 
sponsored by more than 30 engineering, scientific, and management tificatior 
groups, is “For Mankind’s Progress.” substan 
create t 
standing 
fessional 
We m 
COMINGS DEAN AT DELAWARE specialis 
thinking 
Dr. Edward W. Comings, head of the school of chemical and Pigg th 
metallurgical engineering at Purdue University since 1951, has been , Me gree 
appointed Dean of the School of Engineering at the University of narrOwes 
Delaware. Enginee: 
Dr. Comings succeeds Dean William W. Hagerty, who left the on. Ow 
University of Delaware on August 31 to accept the deanship of the | Meater 1 
School of Engineering at the University of Texas. all, docte 
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ENGINEERING EDUCATION 
AS IT AFFECTS UNITY IN THE PROFESSION 


FREDERICK C. LINDVALL 


Chairman of Engineering, California Institute of Technology 


Pasadena, and President of ASEE, 1957-1958 


A talk presented at the convention of the American Society of Civil Engi- 
neers in Portland, Oregon, June 25, 1958. A modified version of this 
talk is to be published in ASCE’s Journal of Professional Practice. 


Unity to have meaning must have 
substance. More than an occasional 
rally to common action, an affirmation 
of faith as an engineer, a statement of 
principles of ethical practice and a 
loose confederation of our several 
professional societies is necessary to 
unity. Indeed these factors would 
follow as consequences of true unity 
rather than as means for achieving it. 
Rather, the powerful cohesive forces 
of common objectives, common educa- 
tion and mutual understanding should 
permeate all engineering practice, 
education and relations with the 
public. 

These unifying influences must stem 
fom a basic understanding of our 
profession and its service to mankind, 
the creative nature of its work, the 
interplay of basic science, analysis, 
and design, and the social and eco- 
nomic evaluation of new engineering 
systems and projects. Through iden- 
tification and extension of the common 
substance of engineering we must 
create this common base of under- 
standing without which no truly pro- 


fessional status can be achieved. 


We must be engineers first, with a 
specialist designation second in our 
thinking and attitudes. Psycholog- 
ically the title “Engineer” should have 


| the greater appeal, rather than the 
-tarrower designation of “Electrical 


» 6 


Engineer,” “Civil Engineer” and so 


on. Our medical friends with their 
greater professional unity are, first of 
all, doctors of medicine, regardless of 


specialization. The professional iden- 
tification is Robert Smith, M.D., prac- 
tice limited to Pediatrics, or John 
Roberts, M.D., Radiology. This ra- 
diologist has his specialized journals, 
a radiological society, and professional 
intercourse with other specialists in 
his field. At the same time he has his 
identification with all other medical 
practitioners. By analogy, an engi- 
neer might list himself as Robert 
Smith, Eng. Foundation Engineering, 
or John Roberts, Eng. Structural De- 
sign. But is this just quibbling, set- 
ting up a distinction without a differ- 
ence, playing with words? I think 
not, because the psychological impli- 
cations are quite basic, particularly 
so for the student and the young engi- 
neer, who seek the satisfaction of 
group identification. If this group 
represents solely a specialty rather 
than a unified engineering profession, 
the young mind will be channeled 
from the start and will tend to reject 
the broader and more powerful as- 
pects of engineering. This broader 
approach also suggests an education 
which is more fundamental and more 
comprehensive than at present. 


The Concept of Unity 


The basic concepts of unity and 
common subject matter must come 
early and continuously in the educa- 
tional experience of the young engi- 
neer. Academic curricula follow the 
pattern which was established many 
years ago, paralleling quite closely the 
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professional engineering societies in 
name and objectives. Professional so- 
cieties have splintered from a single 
split between military and civilian en- 
gineering to more and more detailed 
subdivision and classification. Simi- 
larly, college curricula have tended to 
proliferate, usually copying what ap- 
peared to be a trend in industry and 
after the fact rather than in anticipa- 
tion of fields of specialization. Thus 
it is not uncommon at a large univer- 
sity to find at least a dozen colors and 
flavors of engineering education, not 
including some of the inter-discipli- 
nary curricula such as engineering 
physics, engineering science, applied 
physics, applied mechanics and so 
forth. 

Despite the insistence of educators 
that all engineering has a strong com- 
mon core of basic science and the 
engineering sciences, and that only 
minor differences give identity to the 
various curricula labels, the student 
remains unconvinced of the unity of 
engineering. He cannot help but be 
impressed with the industrial engi- 
neering professor making industrial 
engineering seem different from me- 
chanical engineering and the struc- 
tural engineering professor emphasiz- 
ing heavy walled sections while the 
aeronautical structures professor is di- 
recting the student’s attention to thin 
walled structures. The electrical en- 
gineering professor who is interested 
in power talks about transmission 
lines as though they were fundamen- 
tally different from the transmission 
lines which the communications pro- 
fessor describes. 

The differences extend also to the 
so-called service courses which one 
engineering department gives for stu- 
dents from other options. These serv- 
ice courses are frequently warped to 
conform to what the customer thinks 
are the needs of his students, rather 
than leaving to the judgment of the 
other professor the subject matter 
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which he deems right for the nop 
specialist in his field. The net result 
is that these service courses tend ty 
be something which the students take 
under protest without ever appreciat. 


material may be familiar stuff, only in 
a strange language. 


Unity Early 


In the first two years of engineering 
education the students are largely in 
the hands of non-engineers who pre 
sent the basic courses—physics, math. 
ematics, chemistry, English, history, 
etc., with no professional engineering 
concern. This is instruction for two 
years in subjects which for most stu. 
dents are merely the acquisition o 
skill, learning of principles, techniques 
and means to the end, that is, to the 
engineering courses which are to fol 
low. The student gets no feeling of 
engineering unity or coherence, ex 
cept the general feeling that all eng: 
neers need some physics, all engineer 
use mathematics to a greater or lesser 
extent, all engineers should be able 
to read and write. In some school 
an attempt to alter this situation ap 
pears by having Freshman Engineer 
ing Orientation, Engineering Problems 
Elementary Engineering Analysis, 
some such title in which members of 
the engineering faculty have an op 
portunity to present representative eét- 
gineering problems to the student 
problems which are sometimes ¢ 
rather broad scope but for which the 
student is not expected to be ready 
to analyze details. 

Then under our typical departmer- 
tal academic organization the division 
of students into options’ occurs. h 
fact some schools, to hasten special 


ized professional orientation, intro} 


duce departmental subjects in th 
sophomore year with the Electrical 
separate from the Mechanicals at that 
level, if not in the freshman year it 


self, for example. From then on, th} 
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student is completely channeled ex- 
cept for some common subjects which 
all engineers take, although not neces- 
sarily with the same scope and in- 
tensity. Applied mechanics is one of 
these. Unfortunately, in the United 
States, Applied Mechanics in engi- 
neering schools has meant essentially 
a course of rather limited scope, cover- 
ing statics, dynamics and strength of 
materials. Only recently have some 
schools begun to use the broader con- 
cept of applied mechanics which has 
long been common in Europe, in 
which such topics as elasticity, fluid 
mechanics, vibrations, etc. are all in- 
cluded. Here important generalized 
concepts and common ideas are not 
lost as they tend to be in some of our 
neatly packaged courses. 

Our historic curricular arrangements 
have merit, but they are not neces- 
sarily sacred. In the ASEE Report 
on Social-Humanistic Studies, a very 
penetrating remark is made: “Reor- 
ganizing an academic curriculum is 
like trying to move a graveyard.” We 
have tradition, sentiment, even rever- 
ence for present values, real or pre- 
sumed, in existing curriculum objec- 
tives and patterns. We have “vested 
interests” in certain courses, syllabi 
and textbooks, as well as the human 
reaction to receive a’ proposal for 
change as a personal criticism of pres- 
ent teaching. We also discover that 
some alumni become disturbed over 
changes in the educational pattern 
often through misunderstanding and 
misinformation. Likewise, the pro- 
fessional societies whose names are 
s0 closely identified with the labels 
of our standard engineering curricula 
have profound and proper concern for 
education which is consistent with 
their professional objectives. 


New Developments 


As professional men and as educa- 
tors we are immersed in a rapidly 
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changing technology. In the past 
ten years a whole series of new de- 
velopments has stimulated profound 
changes in some engineering curric- 
ula. Radar, microwaves, semi-con- 
ductor devices, magnetic amplifiers, 
jet propulsion, nuclear energy, some 
of which were war-born, have intro- 
duced new information, new theory, 
principles and applications into col- 
lege work. As a specific example, 
microwaves and their associated wave 
guides have brought Maxwell’s elec- 
tromagnetic equations into undergrad- 
uate classrooms and required an ex- 
tension of mathematical preparation 
to comprehend the analysis and un- 
derstand the behavior of these ultra- 
high frequency systems. Another ex- 
ample is the digital computer, which 
has good and bad effects on engineer- 
ing colleges—good because of the in- 
tellectual stimulus and broadening of 
the mathematical base of engineering, 
bad because much time can be wasted 
in a maze of details which are apt to 
be transient in the fast moving com- 
puter game. The computer is being 
recognized by structural engineers as 
a powerful tool for analysis and de- 
sign. Many alternative designs can 
rather quickly be studied and the ef- 
fect of changing parameters can easily 
be learned. Hence, optimum designs 
can be identified without prohibitive 
cost in engineering time. More thor- 
ough analysis will allow closer ap- 
proach to ultimate limits with assur- 
ance and comfort. These advantages 
will motivate civil engineering stu- 
dents toward more mathematical com- 
petence in the understanding of com- 
puter logic and techniques for later 
use. Similarly, a broader mathemat- 
ical foundation will strengthen a de- 
signer’s capability in dealing with 
dynamic structural problems arising 
from transient loads of traffic, wind, 
earthquakes or blast. Closely related 
are the vastly improved instrumenta- 
tion techniques for static and dynamic 
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stress determination, experimentally, 
during construction, and _ periodic 
measurement during the life of a 
structure. Strain gages and other 
transducers are now found in college 
testing laboratories along with their 
necessary electronic amplifiers and 
recorders, broadening the student’s 
horizons to include more comprehen- 
sion of basic electrical engineering. 
Rapidly this modern instrumental ap- 
proach is transforming the traditional 
“busting laboratory.” 

Obviously, we can’t go in all new 
directions at once. We cannot, and I 
believe, should not, attempt in the 
colleges to meet these challenges by 
detailed specialization in all of these 
new and emerging areas of current 
interest and importance. We must, 
instead, do the more difficult job of 
examining each new development for 
those features that are truly basic, ex- 
tracting the concepts that are new 
and fundamental, and synthesizing 
the important generalizations that 
have lasting value. This exercise of 
self-discipline, sticking to fundamen- 
tals, is not easy. The other course, 
that of following avidly in the class- 
room the exciting new developments, 
the intriguing applications, and the 
fascinating new details, is more fun, 
has high entertainment value for the 
student, and is an easy, pleasant way 
to teach. But it has the elements of 
a phony gold brick, the superficial ap- 
peal—the form, but little substance. 
The values are apt to be transient. 

Thus, in appraising new develop- 
ments, engineering colleges must eval- 
uate critically the fundamental char- 
acter of these new advances—what is 
now involved and what is anticipated 
—so that curricula and course content 
of the basic sciences and engineering 
sciences may be improved as funda- 
mental education for future profes- 
sional application. We must always 
be critical of that instruction which is 
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specialized training rather than com. 
prehensive education. 


Unity of Principles 


The business of a university is to 
teach principles, not practice. De 
tails are to be regarded as illustrations 
of the application of the principles, 
With such underlying philosophy we 
can make our engineering teaching 
have much broader professional scope. 
An example is systems engineering, 

Systems engineering describes good 
engineering procedures for achieving 
an optimum design or snythesis of a 
complex system, including the en 
vironmental factors and the people 
concerned in its operation. The basic 
principle is inherent in all good engi- 
neering and it was well stated some 
70 years ago by A. M. Wellington in 
his classic volume, The Economic 
Theory of Railway Location. Well- 
ington has this to say about recon- 
naisance, which one might paraphrase 
to apply to a system: “That, however 
forbidding the region, a line exists 
which is conspicuously better than 
any other, and which will in all cases 
be found to be—in comparison with 
what was expected—a line cheap to 
build and economical to operate; and 
that, on the other hand, the line 
which he, as an inexperienced man 
and acting without special training 
for the work, will be likely to first 
select as the best, is perhaps twice as 
costly in first cost and considerably 
less favorable in gradients and operat- 
ing value than that which he can se 
cure by greater care, attention and 
study. Although this may seem 4 
sweeping generalization, it is so nea 
a general average of probabilities in 
both easy and difficult country, that 
in a rude way it may be assumed a 
truth.” 


It is indeed ironical, then, that} 


within civil engineering itself narrow 
professional specialties inhibit the 





Mar., 15 


broad 
ton. 
curre! 
the H 
ASCE 
Angel 
intere 
on a 
aqued 
cuts a 
mittee 
appea 
progré 
our br 
Suc! 
to ele 
nautic 
the thi 
gineer: 
we mt 
dents 1 
Hen 
Report 
on Pre 
sion (1 
Civil 
acterist 
enginee 
Among 
the res] 
greater 
with co 
lic welf, 
and pr 
future. 


Follo 
which | 


Altho 
are cor 
in engir 

musi 
and obj 
departm 
ceive sv 
engineer 

I kno 
been a | 
enginee; 
measure 
not but 


1. 49—No. 7 


an com- 


ity is to 
e. De 
strations 
inciples, 
yphy we 
teaching 
al scope. 
neering, 
es good 
chieving 
asis of a 
the en- 
. people 
he basic 
od engi- 
ed some 
ngton in 
‘conomic 
Well- 

t recon- 
raphrase 
however 
1e exists 
ter than 
all cases 
son with 
cheap to 
‘ate; and 
the line 
sed man 
training 

- to first 
twice as 
siderably 
d operat: 
> can se 
tion and 
seem 4 

$ so near 
yilities in 
try, that 


sumed as 


en, that} 
if narrow 
ibit the 








Mar., 1959 


broad thinking outlined by Welling- 
ton. One of our Caltech faculty is 
currently assisting in the program of 
the Hydraulics Division for the 1959 
ASCE National Convention in Los 
Angeles. He tells me that: “A very 
interesting paper has been proposed 
on a new procedure in evaluating 
aqueduct routes. Because this paper 
cuts across the fields of several com- 
mittees and several divisions, there 
appears to be no place for it on the 
program.” What has happened to 
our broad engineering principles? 

Such broad principles are of value 
to electrical, mechanical, civil, aero- 
nautical engineers alike. These are 
the things which make us all truly en- 
gineers, and, difficult as it is to do so, 
we must try to identify for our stu- 
dents these strong unifying influences. 

Hence, I am not encouraged by the 
Report of the ASCE Task Committee 
on Professional Education. Conclu- 
sion (1) states: 


Civil engineering has certain char- 
acteristics which distinguish it from the 
engineering profession as a _ whole. 
Among these are breadth of field and 
the responsibility for economic planning, 
greater concern with public works and 
with countless structures serving the pub- 
lic welfare, and the development of plans 
and programs extending far into the 
future. 


Followed by the recommendation, 
which is: 


Although certain undergraduate courses 
are commonly required for all students 
in engineering, civil engineering curric- 
ula must maintain their separate identity 
and objectives and the civil engineering 
departments of our colleges should re- 


| ive support consistent with the civil 


engineer's great contribution to society. 


I know that this attitude has long 
been a part of the philosophy of civil 
engineering education and it has a 
measure of validity. However, I can- 
not but feel that other fields of en- 
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gineering also can fit into this broad 
context. Mechanical and electrical 
engineering, together with the many 
other variant forms of engineering 
practice, include long-range planning, 
responsibility to the public, and eco- 
nomic planning. The engineers in an 
automotive company who are engaged 
in the advanced designs are making 
plans for at least five years ahead. 
This may involve an entirely new 
factory with its integrated facilities, 
and, as an example of detail, an en- 
gine block design which is capable 
of progressive modification, rather 
than complete redesign as yearly 
models come along. Aircraft engi- 
neering is on an equally long time 
base with six or seven years elapsing 
from the concept and performance 
specifications of a new plane until it 
is operational. Public safety and 
health at altitude present problems of 
considerable magnitude, as well as 
relationshsips with federal and other 
regulatory bodies, not to mention 
compatability with radio navigational 
systems, communications and airport 
facilities. 


Unity in Management 


Engineers in industry are more and 
more assuming positions of manage- 
rial responsibility and, along with 
financial and legal talent, are shaping 
corporate policy. This involves very 
long range planning including many 
of the features that are normally asso- 
ciated with civil engineering projects. 

It is not at all uncommon in large 
corporations as they expand to decen- 
tralize and establish new plants in 
communities where that type of in- 
dustry may not have existed before. 
This is done for reasons of decentral- 
ization to tap new labor markets, to 
achieve better living conditions for 
employees. One of my former stu- 
dents, an electrical engineer, a few 
years ago was told by his company 
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management that they wished him to 
be the manager of a new plant for 
which he would have complete re- 
sponsibility for design, construction 
and operation in a community which 
had essentially no industry at that 
time. This electrical engineer spent 
many months in negotiations with the 
local Chamber of Commerce, the 
banking interests, the city officials, the 
school officials, railway and highway 
people, to plan for the various services 
and utilities which would be required 
by this multi-million dollar plant and 
for the housing and school needs of 
the several hundred key employees 
who would be moved to this commu- 
nity. This kind of breadth is needed 
in many engineers who are facing 
similar problems in our expanding 
technology. More and more commu- 
nity problems of government, schools, 
recreation facilities and other environ- 
mental factors become key issues with 
employees who are being asked to 
move to new locations. The engi- 
neering manager must be very alert 
to these factors and have working with 
him people who are skilled in such 
matters. This and other attributes 
dealing with people and the attendant 
responsibilities should be marks of 
any truly professional man. By im- 
plication in this ASCE conclusion and 
recommendation, the civil engineers 
suggest that other engineers are less 
concerned than they with public 
works and structures, serving the pub- 
lic welfare and the development of 
plans and programs extending far 
into the future. The ownership is 
irrelevant. 

A chemical engineer friend started 
eight years ago for his company to de- 
velop processes for a plant for pro- 
duction of chemicals from coal as raw 
material. This has been a truly long 
range development beginning with a 
new concept of remotely controlled 
mining of the coal, conveyor transport 
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for some thirty miles, and processing 
as feed stock for the plant. This even 
involved negotiations and agreements 
with the union of mine workers who 
would not be needed! In parallel the 
chemical laboratory work was pro- 
ceeding, leading in turn to the design 
and construction of the pilot plant. 
Concurrently preliminary design pro- 
ceeded on the production plant. Elec- 
trical power, water supply, waste dis- 
posal, gas and chemical storage, fire 
protection, plant safety, instrumenta- 
tion and control, transportation, all 
presented special problems involving 
not only the company but the com- 
munity as well. 

Mechanical and electrical engineers 
are planning years ahead for electrical 
power developments and communica- 
tion systems to meet the needs of our 
growing technology and are raising 
standards of living. Our buildings 
both public and private have come a 
long way from being simply structures 
more or less decorated in which peo- 
ple worked and lived. Now within 
our structures we create a proper en- 
vironment for the purposes of the 
building, with lighting, air-condition- 
ing, communication and _transporta- 
tion devices of considerable complex- 
ity. One has only to look at the 
breakdown of costs in a modern build- 
ing to see that the major effort goes 
into the mechanical and electrical as- 
pects of the building and only a small 
fraction into the structure. People 
live and work in this artificial environ- 
ment and it must be right. As one 
mechanical engineer I know who built 
a very large and successful manufac- 
turing business has said: “The most 
expensive thing I buy is my em- 
ployees’ time, and if by additional in- 
vestment in a better environment | 
can get only a slight improvement in 
work efficiency, I will be ahead.” 

No, some of these qualities of a 
good civil engineer are no _ longer 
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unique to civil engineers, and as a 
consequence—are the various engi- 
neering departments wise in trying 
to maintain artificial distinctiveness? 
Also, we must recognize that many 
of the qualities which make an engi- 
neer effective in dealing with the pub- 
lic, government officials, boards of di- 
rectors, and so on, are not the result 
of study of college courses, but are 
due to his genes. 


Unity in Complexity 


In general engineering work is be- 
coming complex, requiring broader 
scale systems thinking and analysis. 
This means that the responsible engi- 
neers must have rather broad knowl- 
edge of not only machines, but also 
the environment in which the ma- 
chines must work and the men who 
will be concerned with their use. Stu- 
dents must learn to think more broadly 
than they have in the past, not that 
they can expect to be experts in all 
technical fields, but that they have a 
wider knowledge of what exists in 
these other fields and where their own 
ignorance requires that expert help 
be brought in. Therefore, we should 
not let our students grow up with the 
idea that mechanical engineers are 
markedly different from electrical en- 
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gineers or from civil engineers, but, 
rather, that they are all engineers with 
some specialized professional slant. 
It is in practice that the engineer de- 
velops true professional competence 
and specialized knowledge. 

College teachers badly need help 
from the professional societies if they 
are to convince students that unity in 
the profession is possible and that it 
is wanted. Do students see an atti- 
tude that is really professional and 
not merely provincialP Much can be 
done in engineering curricula to de- 
velop better attitudes toward unity 
without abandoning our engineering 
“options.” This we accomplish by min- 
imizing differences, developing similar- 
ities, common subject matter, common 
principles. We can interchange teach- 
ers across departmental lines and de- 
velop broad systems thinking. We 
can stress functions, rather than the 
traditional specialized disciplines to 
which the modern engineering world 
no longer conforms. We must pro- 
vide better engineering education and 
not specialized training if we are to 
achieve professional stature and with 
it professional unity. We need your 
sympathetic understanding and active 
support. Then we can have educa- 
tion as it effects unity in the profession 
of engineering. 


ELECTRONIC CONTROLS AND TRAFFIC SAFETY 


Electronic Controls and Traffic Safety, background papers and 
final report of the Conference on Electronic Controls and Traffic 
Safety held last May in Harriman, New York, is available from the 
Safety Education Project, Teachers College, Columbia University, 
New York 27, New York. This project was founded in August, 
1957, through a grant of $50,000 from the American Automobile 
Association Foundation for Traffic Safety. 
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To many professional engineers and 
educators, the period 1939 to 1943 
represents a significant turning point 
in the profession. Important techno- 
logical and _ scientific developments 
were accelerated and brought into 
focus. The adage “necessity is the 
mother of invention” became a reality, 
and the engineer and scientist were 
called upon to provide that necessary 
for national survival. Such a situation 
has continued to exist over the past 
fifteen years, again largely as a result 
of the national defense effort. 

Regardless of the cause, however, 
the engineering profession has been 
faced increasingly these past fifteen 
years with new and complex prob- 
lems. From the viewpoint of the en- 
gineering educator, not the least of 
these problems involve increasing en- 
rollment, staff requirements, curricular 
changes, and facilities. All, however, 
result in a need for educational pro- 
gram-planning. 

In the field of mechanical engineer- 
ing, for example, the engineer is faced 
with new problems of heat transfer, 
energy conversion, and fluid mechan- 
ics as a result of the interest in gas 
turbines, rockets, and jet-propulsion. 
Metallurgy is being built of necessity 
ever more firmly on a foundation of 
physical chemistry and physics of the 
solid state, in its search for materials 
to withstand the high temperatures re- 
quired by new developments. 

Civil engineers are coming to real- 
ize that greater scientific knowledge 
is required in the study of structural 
problems related to vibrations and 
soil conditions. New problems asso- 


ciated with the control of reactors 
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present a real challenge to the ele. 
trical engineer. New and expanded 
generating and distribution systems 
require that the electrical engineer 
entering the power field be able t 
project his knowledge beyond a super. 
ficial understanding of currently exist. 
ing equipment and system arrange. 
ment. 

Digital and analogue computes 
have opened up new areas of analysis 
and design to engineers. Control sys 
tems for aircraft traveling at super 
sonic speeds, guided missiles, earth 
satellites, and manufacturing pro 
esses either are or are becoming e- 
tremely complex; advances in this 
field require that engineers have a 
education based both on engineering 
sciences and the pure sciences. 

Further, as a result of this chang 
in need which has come about » 
rapidly, the time lag between the dis 
covery of new items in science and 
their application to engineering sys 
tems has been drastically reduced. 
The engineer of tomorrow, therefore 
must be equipped to effect this rapid 
transition. The scientific training d 
yesterday was based on the pattern d 
slow evolution by individual develop 
ment in pace with the existing trans- 
tion rate from discovery to applic 
tion. This pattern can no longer kk 
assumed to exist. Thus, the couplis! 
of this factor with the ever-increasitf 
fund of knowledge results in an w 
questioned need to reorganize trail 
ing methods to incorporate more ¢ 
the scientific approach to engineering 
This includes not only an increase i 
emphasis on fundamental principle 
and mathematical tools, but also it 
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struction in the use of these principles 
and tools in their application to engi- 
neering problems. 


Effect on Curricula 


The engineering curricula of the 
early part of this century were well 
designed and presented to satisfy the 
needs that then existed. These needs 
have now changed radically in an al- 
most revolutionary manner. Volume 
of knowledge and time have both en- 
tered the picture to dictate changes. 
Without the type of international 
situation which has existed over the 
past fifteen years, these changes would 
have been gradual, but they would 
still have occurred. The speeding-up 
process, as a result of the situation, 
has merely advanced the date and 
made the need for action more im- 
perative, and shortened the time in 
which such action must be taken. 

Although engineering teachers are 
now beginning to get an inkling of 
the educational pattern needed to en- 
able their graduates to meet these 
problems of the future, the acceler- 
ated time schedule introduces ele- 
ments of confusion and a disruption 
of old, established ideas. This is a 
superficial condition, however, and 
progress is being made which will 
evolve into an adequate educational 
program. Those responsible for and 
engaged in planning, designing, and 
teaching programs of study for the 
education of our future engineers are 
faced with a tremendous assignment 
and responsibility—and an inspiring 
challenge. 

Probably never again, however, 
will engineering curricula be stabi- 
lized in the sense they have in the 
past, nor should they be. Only 


through fluid change can engineering 
education maintain step with engi- 
heering progress and assist in its con- 
tinued development. 

The word “teaching” is fundamen- 
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tally misleading; one cannot teach 
subject matter, one can only instill a 
desire for learning. The student must 
be led to want to learn, and to know 
how to learn. Only by injecting into 
him a philosophy of learning can we 
expect him to continue to grow and 
develop after graduation. Four short 
years is not nearly enough time for 
him to learn all he needs to know for 
his life’s work, even disregarding de- 
velopments which will take place after 
he loses contact with his formal edu- 
cation. Thus in planning a curric- 
ulum, a basic objective is to teach the 
student to think; to expose him to a 
series of fundamental principles; to 
utilize current developments as illus- 
trations or vehicles to demonstrate the 
manner of applying these principles 
to the ultimate production of a desired 
device; to inject into the student an 
awareness of the art of engineering as 
it relates to the science; and the re- 
alization that the art can only be 
acquired with actual experience. 
Through such an approach the teacher 
can accomplish the maximum in terms 
of the effectiveness of the overall 
product. 

Above all, the student must learn 
principles and not details of devices. 
The life of a device before obsoles- 
cence varies greatly depending upon 
the individual case. It has been esti- 
mated, however, that an average fig- 
ure of somewhat less than ten years 
may safely be applied—certainly a 
short time compared to the useful pro- 
fessional life of the engineer. A de- 
tailed knowledge of devices, there- 
fore, is not an education of any great 
permanency. A knowledge of funda- 
mentals, on the other hand, is basic 
and lasting. The student who grasps 
these can project his knowledge to the 
next device, replacing the obsolete 
one used in his classroom as an illus- 
tration. He is prepared to cope with, 
understand, and even initiate advances 
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thesis and prediction of the behavior 
of these systems under specified cop. 
ditions, in terms of function, person. 
nel, cost, materials, time and safety, 
It is concerned further with the wel. 
fare of mankind, individually and col. 
lectively, and directs its efforts in pu. 
suing the above activities toward an 
improvement of man’s welfare, con. 
veniences, and standard of life. 


in the art and science alike. 

To plan any program of education 
properly, however, it is necessary to 
have an idea of and to take into ac- 
count the various types of work per- 
formed by the graduates of that pro- 
gram. One must also establish a 
definition of engineering. One such 
definition follows: 


Engineering encompasses the applica- Types of Product 
tion of the various principles of the 
sciences, combined with experience, to 
the study, design and development of 
engineering systems composed of cir- 
cuits, energy converters, structures 
and processes in various combinations. 
It is concerned with the analysis, syn- 


Graduates of a program designed to 
conform to this definition will do 
widely varied types of work. It has 
been postulated that they may, how- 
ever, be divided roughly into five gen. 
eral groups: 





Designation Percentage 


a. The engineer-scientist: 5 to 10 
These engineers are creative and devote their major atten- 
tion to the discovery of new facts about engineering systems 
and to the recognition of those scientific facts which will 


lend themselves to engineering development. 


b. The creative design engineer: 10 to 20 
These are the individuals who actually design new engi- 


neering systems and put newly discovered principles to use. 


c. The functional engineer: 40 to 50 
These are the engineers who employ orthodox methods 
and established principles in the design of conventional 
details of manufacturing plants and public utilities, and they 
build, operate, and maintain these plants and the related 


equipment. 


d. The engineer technician: 10 to 20 
Engineers in this group devote their attention to the more 


routine tasks such as testing, inspection and analysis. 


e. Engineering graduates in non-engineering work: 5 to 10 
A large number of engineers in each of the above categories 
find themselves, perhaps ten years after graduation, in ad- 
ministrative, executive, or ownership posts in industry, 


government, and utilities. 





In designing a program, therefore, felt by educators and representatives 


engineering faculties immediately find 
themselves in a dilemma, which is fur- 
ther confused by the varying com- 
ments of industrial representatives, 
usually of small companies, who offer 
sincere advice on how a program 
should be planned. It is generally 











of industries employing the majority 
of engineers, however, that curricula 
can be devised which incorporate the 
philosophies above, and which will 
come reasonably close to satisfying 
the needs of all concerned. 

Perhaps the most widely adaptable 
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four-year graduate in engineering 
would be one who had been trained 
for what might be termed “consulting 
engineering.” Such a student has 
been given an appreciation for the ap- 
plication of the fundamental laws, 
concepts, and techniques to the solu- 
tion of engineering situations. With 
this appreciation and embryonic abil- 
ity he may go into various types of 
industry in various capacities equipped 
to meet the problems which will face 
him realistically and not be submerged 
by them if they cannot be solved by 
textbook formulas. He is also well 
prepared to continue in graduate 
work. 

Such a student, or rather graduate, 
will be capable of interpreting the 
physical significance of a problem, 
will be able to reason through the 
various ramifications of the situation 
facing him, and will be able to evolve 
a reasonable solution based on his 
composite knowledge, interpretive 
ability, and reasoning skill. This could 
not be done if his knowledge consists 
only of a collection of formulas, for 
it must be remembered that the aver- 
age text problem, and, unfortunately, 
partially because of time, the custom- 
ary quiz problem involve only a small 
portion of an engineering system. 

A student who has been exposed 
only to this latter type of single prob- 
lem analysis and solution is in no posi- 
tion to assemble the material illus- 
trated in segmental form into a uni- 
fed picture for the solution of an 
overall situation. He has built, or had 
built for him, a house with no stairs 
or connecting doors. He can perform 
within these rooms, or on the separate 
floors, but has no way to make the 
connection or combination of various 
areas. Such a graduate must, after 
graduation, be reoriented to accom- 
plish this or else be relegated to the 
more mundane engineering opera- 
tions, and viewed as a technician. 
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Such a training is not necessarily in- 
herent in, or even related to, course 
content. Unfortunately, in many 
course areas it is even discouraged un- 
less supplemented by the instructor. 
The engineering of the past has not 
demanded this unified training, though 
our progress would have been greater 
had it existed. 

It is therefore imperative in present- 
ing engineering fundamentals that 
real attention be given to injecting a 
feeling for the physical significance of 
the relation, its relation to other fun- 
damental principles, and the manner 
in which these relationships may be 
combined for application to broader 
situations. 

A student needs to be given a cer- 
tain amount of drill or formula-plug- 
ging, perhaps, to make him familiar 
with techniques of solution, to fix in 
his mind the relations being studied, 
and as a motivation through the feel- 
ing of something accomplished. This 
is more necessary at the early level, 
however, than later. Early in the in- 
structional curriculum a start must be 
made in giving the student problems 
which will require his reasoning 
through a situation and one which, 
while solvable by use of known for- 
mulas, represents a need for him to 
interrelate fundamental principles. 

This practice should be expanded 
as the courses and curriculum pro- 
ceed. At the end of his program of 
undergraduate study, not only should 
he not fear being faced with such 
situations and realize that these rep- 
resent true engineering problems, but 
he should habitually orient his 
thoughts toward a proper attack uti- 
lizing all the background information 
he has acquired. 

This is an instructional problem 
that cannot be solved merely by an 
improvement in textbooks, elimina- 
tion of or change in course content. 
It is not important that a student 
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know something about everything in 
a course or curriculum; it is important 
that he know how to use what knowl- 
edge he has acquired in attacking a 
broad problem. 

If this were not true there would 
be little or no reason for an electrical 
engineering curriculum, for example, 
to include such courses as mechanics 
or thermodynamics. Time would be 
better spent on drill or localized prob- 
lems or in the study of details of spe- 
cific devices. An electrical engineer- 
ing system involves, on the other 
hand, factors affected by all these 
areas. The student or graduate, then, 
has supplementary non-electrical in- 
formation which is important in the 
solution of the situation and which he 
must be able to relate to it. 

Thus, it is not a matter for discus- 
sion as to whether an engineering cur- 
riculum should be four years long, 
five years long, or more except, pos- 
sibly, for the sake of student maturity. 
It is important that each course in 
the curriculum, regardless of area or 
content, be presented in such a way 
as to develop real analytical ability 
in the student, and from this, encour- 
age creative thinking on the part of 
the student. True creativity is a char- 
acteristic which relatively few grad- 
uates will acquire. Through training 
of the nature described, however, it is 
more likely to be developed, and 
sooner, than otherwise. 


Levels of Teaching 


It must be emphasized that while 
a course may have an accepted name 
and description, it can be taught at 
many different levels and in many dif- 
ferent ways. A course may be crit- 
icized as encouraging the student to 
use formulas for the sake of solving 
problems—the “plug-in” course. The 
same course under a different instruc- 
tor, however, will produce students 
who are developing the facility for 
thinking in terms of the demands of 
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the engineering situation and are be. 
ginning to learn the meaning of analy. 
sis. They have grasped not just the 
use of the formula, but its significance, 
The engineering teacher himself, even 
more than the curriculum, controls 
the attitudes and actually the poten. 
tial abilities of his students. It is nee. 
essary that the teacher recognize this 
and strive to project this philosophy 
into his lectures. 

In order to keep abreast of devel- 
opments in the area of his interests or 
specialty, the outstanding teacher ac- 
cepts the concept of lifetime learning, 
He recognizes the importance of 
keeping up to date, and thus is able 
to keep his class discussions and lec- 
tures dynamic rather than static. One 
is often asked the question as to how 
the teacher keeps abreast of the times 
in the changing technology of today. 
There are several ways which could 
be mentioned; however, another fact 
must be considered before the ques- 
tion can be adequately answered. 
Engineering is both an art and a sci- 
ence. The professional skills and 
techniques of engineering are ac- 
quired only through experience with 
actual engineering systems. In the 
normal four year program of engineer- 
ing education, time permits the fac- 
ulty to impress upon the student only 
the importance of the art of engineer- 
ing and to give him a strong founds- 
tion in the fundamentals of physics, 
chemistry, mathematics, and the engi- 
neering sciences. 

An engineering faculty usually con- 
sists both of what one might term 
academic engineers and_ professional 
engineers. The majority of engineer- 
ing staff members, taken nation-wide, 
is of the academic type since most of 
them have in general had little or no 
professional engineering experience in 
industry on a continuing basis. Be 
cause these two types vary consider- 
ably, there are two distinct avenues 
for professional development. The 
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teacher who is of the academic type 
usually develops his stature through 
research activities, scholarly writing, 
and the creation of new techniques 
and aids. The professional engi- 
neers interests are slanted toward the 
solution of actual problems in indus- 
try. His growth comes about through 
active consulting work, one measure 
of which are his reports to industry. 

Either type of activity enhances the 
teacher’s stature. It is unfortunate, 
but true, that there are some teachers 
who for one reason or another are 
satisfied to maintain their professional 
standing at a fixed level, and conse- 
quently do little with regard to self- 
improvement activities. The strength 
of a faculty depends in large measure 
on the number of teachers who ac- 
tively strive to enhance their profes- 
sional stature through research, crea- 
tive writing, consulting work, and so 
on. To make these activities possible, 
however, staff loads must be such as 
not only to permit, but to encourage 
participation. 

Engineering educators throughout 
the country are taking a critical look 
at their respective curricula. They 
are attempting to evaluate their pro- 
gram in the light of changing require- 
ments. Each group is attempting to 
meet the needs of the present and the 
future in its own way. Thus at this 
point we have, over the country, a 
wide variety of engineering programs 
which we might term experimental, 
but based on sound philosophy. Some 
of these have gone to greater extremes 
than others; some have been hesitant 
to take major steps; others have made 
little or no advance partially because 
of the unwillingness of the staff, or 
influential members of the staff, to 
face the situation squarely and do the 
work necessary to make the adjust- 
ments. 

In all cases, however, where 
changes are being made, they are be- 
ing made on the basis of the philos- 
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ophy outlined above, or variations not 
differing greatly therefrom. In a very 
few words, they are based upon the 
increase in and integration of the pres- 
entation of fundamental principles, 
with an attempt to inject an apprecia- 
tion for the art of engineering. This 
is being done by presenting more gen- 
eralized aspects of engineering, and 
by selecting a central theme as the 
carrier for this generalization with the 
associated areas related as closely as 
possible to the basic aspects of this 
central core. 

Some educators have said that we 
must look twenty to twenty-five years 
in the future and attempt to deter- 
mine what our present engineering 
graduate is going to be doing at that 
time, and then design a curriculum 
to suit this. This would be fine, but 
very few if any have the foresight or 
imagination necessary to make this 
prediction with any degree of ac- 
curacy. Just as there were many 
varieties of automobiles on the mar- 
ket in the twenties, and only a few of 
these have survived, one cannot pre- 
dict the exact turn of technological 
development for the future. One can 
say, however, that the development of 
an active mind, the physical apprecia- 
tion of basic scientific principles, and 
an understanding of ways and means 
of applying these principles to the 
development of a useful device, rep- 
resent an education which is not of 
the trade school variety, and one 
which will leave the student with last- 
ing knowledge and capabilities. 


Results 


One might summarize the com- 
ments and philosophies above into a 
list of objectives for an engineering 
program. 

1. The student should be encouraged 
to appreciate the value of life-long learn- 
ing. In other words, graduation from the 
university is only one step in his educa- 
tion. This objective may be accom- 








plished by stressing the importance of 
the use of library facilities, attendance 
at professional meetings and conferences, 
and outside reading. 

2. We should insist upon the student’s 
developing his skills in the proper meth- 
ods of communication of ideas through 
the use of his mother tongue, ability to 
portray his ideas in drawings and 
sketches, and facility in the use of math- 
ematics. 

3. The student should be required to 
develop an understanding of the im- 
portant natural laws and concepts. The 
natural laws in physics, chemistry, etc. 
should receive greater emphasis. In 
many technical courses considerable time 
is devoted to the study of existing engi- 
neering equipment. The goal should be 
to develop capable engineers for the 
problems of tomorrow. Time now de- 
voted to detailed descriptions should be 
devoted to enhancing the student’s un- 
derstanding of basic principles. 

4. During the course of study, the 
student should be made aware of the 
fact that engineering is both an art and 
a science. All problems in engineering 
are not solved by means of equations or 
technical data. In many instances a 
great deal of experience is required. 
During a four-year period of study, it is 
not possible for the student to learn the 
art of engineering; however, it is essen- 
tial that he be made aware of its im- 
portance. 

5. Laboratory experience should be a 
part of the program, for it serves the fol- 
lowing purposes: 


a. Exercises which confirm theoretical 
concepts and the laws discussed in 
formal classrooms give the student 
a feeling of confidence, a conviction 
that the statements presented are 
truths. They should be presented, 
however, in such a way as not to 
mask the real purpose with undue 
tedium and unnecessary repetition. 
Further, the laboratory should ex- 
tend rather than duplicate class- 
room work. 

b. The laboratory experiences enable 
the student to see how well his 

ideal system predicts the operation 

of an actual system. This is a cli- 
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mactic experience which brings the 
classroom work into clearer focus, 

c. By means of suitable experiments 
the student is afforded many oppor. 
tunities to develp facility in the use 
of measuring instruments of all 
types. 

d. Many students entering university 
work have had little opportunity to 
observe actual engineering devices 
in operation. The laboratory af. 
fords them a chance to make such 
observations under expert guidance, 

e. By proper arrangement of student 
participation, the laboratory gives 
the student actual experience in 
managerial and organizational pro- 
cedure. Student leaders who are 
responsible for the planning of the 
experiment and organization of the 
group derive a great deal of value 
from their experience. 

f. The laboratory serves as a means 
by which the student develops skill 
in both analysis and synthesis. 

g. Oral and written reports enable the 
student to gain additional facility 
in the use of the languages of en- 
gineering. 


6. The student should develop skill in 
the use of modern computing equipment 
for the analysis of problems. The slide 
rule is no longer the sole symbol of the 
engineer’s computing device, since it has 
been augmented by analog and digital 
computers. 

7. The engineer should be familiar 
with the properties of materials used in 
his engineering systems. One of the 
main barriers to progress is related to 
materials problems. Prior to the war, 
industry was concerned with physical 
phenomena, while today much of the 
main emphasis is on materials. A knowl 
edge and understanding of the chemical, 
mechanical, thermal, and electrical prop- 
erties of solids, liquids, and gases and 
their interrelations is essential. 

8. The engineering student should 
have a knowledge of regulation and cor- 
trol. All modern engineering systems in- 
volve some kind of control or regulating 
instruments. This objective immediately 
points out the need for experiences in 
systems analysis and synthesis. 
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9. The student should be acquainted 
with modern industrial processes. In the 
limited time available, it is possible only 
to introduce the student to a few such 
processes. He should be encouraged to 
take full advantage of inspection trips, 
and to seek summer employment in in- 
dustry or with the utilities. 

10. The program of study should be so 
planned that the student becomes fa- 
miliar with the mode of analysis used by 
engineers, and is given exercises in the 
four general methods of attacking a prob- 
lem, namely: experimental, analytical, 
use of models and analogs and finally in 
what might be termed the art. By art is 
meant the application of judgment based 
upon experience. 

11. As the student progresses he 
should be encouraged to be on the look- 
out for ways of correlating and integrat- 
ing fundamental knowledge. The more 
of this he can do, the stronger will be 
his foundation. Above all, the student 
must be taught to think clearly and 
logically and to learn how to apply his 
knowledge to new situations. 

12. In order that the graduate engineer 
can enjoy the status of a respected citizen 
in his community and become a worthy 
member of his profession, he must de- 
velop an appreciation of other values too, 
such as those termed human, moral, so- 
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cial, artistic, economic, and professional. 
The undergraduate program should be 
designed to encourage the student to 
start the development of such a set of 
values. 


If the objectives listed above can 
even partially be attained, the engi- 
neering educator will have succeeded 
in his task of producing trained men 
for the engineering activities of the 
future. It must be remembered, how- 
ever, that a curriculum is merely a 
vehicle for accomplishing these objec- 
tives and that it is fundamentally the 
instructor who must see that the 
proper interpretation is placed and that 
use is made of the subject matter of 
the various courses. This is not an 
easy task. It involves appreciations, 
techniques, and abilities on the part 
of the instructor which require inten- 
sive preparation and leadership. These 
cannot be achieved without effort, but 
with responsibility for the profes- 
sional lives of many students and in- 
directly the safety and living stand- 
ards of all, education must make that 
effort and must strive to achieve the 
desired results. 


RENSSELAER, AEC TO BUILD 


LINEAR ACCELERATOR 


A linear accelerator will be jointly built by R. P. I. and the U. S. 
Atomic Energy Commission, it is announced by Dr. Richard G. 


Folsom, president of the Institute. 


This research facility, located on the Rensselaer campus, will 
represent a total investment of about $2,500,000 and will require 
two years for completion. The accelerator, along with instru- 
ments and auxiliary equipment, will be provided by the AEC. 
The Institute will provide housing for the facility and an adjoining 


research laboratory. 





CARNEGIE INSTITUTE OF TECHNOLOGY 
Co-Host for 1959 ASEE Annual Meeting 


Under the late Dr. Robert E. Doherty’s revolutionary Carnegie plan, 
students are coached rather than “preached at,” and are thus taught 
how to learn by themselves. This form of self-help has become a recog. 


nized trend in engineering education. 
London Times, July, 1957. 


Revolutionaries are not generally 
rewarded with the admiration of their 
contemporaries, and in education ad- 
vocates of drastic change are rarely 
received with enthusiasm. But in 1950 
when the late Dr. Robert E. Doherty 
retired from the Presidency of Car- 
negie Institute of Technology in Pitts- 
burgh, Pennsylvania, after fourteen 
years, it was agreed that he had 
handed over to his successor, Dr. J. 
C. Warner, and to American educa- 
tion a revolutionary success—the Car- 
negie plan. 

For Carnegie Institute of Technol- 
ogy is not just another engineering col- 
lege or university . . . it is the breed- 
ing ground for a new type engineer 
developed under a far-reaching but 
realistic plan for engineering educa- 
tion. The Carnegie plan is no longer 
Dr. Doherty. The Carnegie plan is 





Graduate School of Industrial Adminis- 
tration, Carnegie Institute of Technology, 
William Larimer Mellon, Founder. 





Reprinted by permission from the 


Carnegie Tech and in the past seven 
years since Dr. Doherty’s retirement 
Dr. Warner has continued and ex. 
panded its policies to the point where 
the experiment of twenty years ago 
has become a trend, recognized in 
an increasing number of engineering 
schools and professional societies. 

The New York Herald Tribune te- 
cently said, “The Carnegie plan, an 
almost revolutionary departure from 
the long-established conception of en- 
gineering education, was founded on 
the central aim to teach students how 
to learn by themselves so that after 
college and for the rest of their lives 
they will be able to go on learning. 
The revolutionary Carnegie plan be- 
came Dr. Doherty’s brain-child but it 
can safely be said that whenever a 
revolution turns into a brain-child it 
has become respectable and its con 
tribution enduring.” 

The basis of the Carnegie plan is 
that it does not require students to 
memorize the maximum of informa 
tion which might be offered to them 
in four years. Emphasis is placed on 
a relatively small core of fundamental, 
or root, knowledge which should be 
ready for use as the basis for solving 
specific problems as they arise. 

Under this plan the faculty performs 
the function of coaching rather than 
of traditional “preaching at” instruc 
tion. 
knowledge to produce their own at 
swers toward the solution of specific 
problems. Carnegie rejects the pre 
fabricated key or memorized formula 
which makes the student helpless in 
the face of unexpected situations. The 
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student is required to learn by tackling 
specific problems rather than sticking 
to texts and lectures. 

A typical examination in a recent 
Carnegie course asked students to re- 
construct the conditions of their lives 
and jobs had they been engineers in 
the Greek, Roman and Victorian civil- 
izations of the past. In a beginners’ 
psychology course, Human Relations 
In Industry, students are asked to 
solve problems involving not only cost 
and production but also the human 
dilemma of an injured worker and his 
family. 

Briefly then, work at Carnegie con- 
sists of two inter-related groups of 
courses: the basic courses and the spe- 
cialized courses. The basic courses 
are chemistry, physics, mathematics, 
English and historical, economic, and 
the psychological analysis. Together 
they help students to develop the 
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breadth of knowledge, the fundamen- 
tal understanding, and the power and 
method of analysis that will equip 
them to learn effectively in their spe- 
cialized courses and to go on learning 
after graduation as professional men 
and as citizens. 

“The most pervasive and insidious 
educational fallacy,” Dr. Warner says, 
“is that education is achieved by 
merely learning subject matter: that 
the more ground covered in class—the 
more pages assigned in the book—the 
greater the education.” 

Undoubtedly Carnegie’s leadership 
in this form of education is responsible 
for the greater demands being made 
upon the school. It has grown from 
2,500 full-time students, before the 
war, to 3,300 to-day. More significant, 
perhaps, is the 400 per cent increase 
in graduate enrollment to the present 
number of 425. In addition to this 





A research physicist at work on the 450 megavolt synchro-cyclotron. The vacuum chamber 
walls have been removed showing the bottom magnetic coil. 











A front view of the College of Engineering 
and Science building. 


full-time enrollment Carnegie points 
with pride to its 1,500 part-time stu- 
dents studying in the Evening Divi- 
sion. Indeed, some of its ablest 
alumni found their educational prep- 
aration in this area and many em- 
ployees of Pittsburgh industry are up- 
grading themselves through evening 
courses to qualify for responsible posi- 
tions. 

The Carnegie campus is located 
four miles from the business center of 
the great industrial city of Pittsburgh. 
Its 70 attractive acres adjoin Schenley 
Park’s beautiful woods, and one of the 
city’s most attractive residential sec- 
tions. At Carnegie, students enjoy a 
seclusion seldom found in a metro- 
politan area yet at the same time have 
all the benefits of a great industrial 
city within easy reach. Pittsburgh, 
the center of heavy industry in the 
United States, provides unusual ad- 
vantages and opportunities for stu- 
dents studying engineering, science 
and management. There are frequent 
field trips to mills, plants, and research 
laboratories enabling students to study 
equipment and processes in operation 
through first-hand observation. Pitts- 
burgh is, in this sense, a laboratory. 
Yet Pittsburgh is not entirely indus- 
trial for within walking distance of 
the campus is the city’s cultural center 
offering the student great libraries, a 
museum of natural history, art gal- 
leries, a concert and symphony hall, 
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lecture programs, and, nearby, a com- 
munity theatre—one of the finest in 
the country. 

Carnegie Institute of Technology's 
great accomplishments in education 
have been derived from its adherence 
to the principles of the Carnegie plan 
and its maintenance of the highest 
standards in selecting students and 
faculty members. In this respect Car- 
negie has been unusually successful, 
Each year more than 4,000 students 
apply for entrance yet only 800 new 
students are accepted. While it is 
normal for colleges and universities to 
proclaim that only students with out- 
standing records gain entrance, Car- 
negie quietly proceeds to get many 
outstanding students. More than 47 
per cent of each entering freshman 
engineering class graduated in the top 
10 per cent of their secondary school. 
Approximately 75 per cent were in the 
top 20 per cent of their secondary 
school. 

The research and teaching staff at 
Carnegie Tech reads like a “Who's 
Who” and numbers 400—an unusually 
low ratio of one teacher for every 
eight students. It includes Dr. Robert 
F. Mehl, internationally famous in the 
field of metallurgy and metals re 
search; Dr. Frederick D. Rossini, an 
authority on petroleum research; Dr. 
Everard M. Williams, recently named 
the most outstanding young electrical 
engineer in the United States; and Dr. 
Truman P. Kohman, recent discoverer 
of a long-lived radioactive isotope of 
aluminum. But first and foremost—as 
a university that teaches engineering 
students—its faculty are teachers. 

The research and creative activity 
carried on at Carnegie is, however, an 
integral part of Carnegie’s three ob- 
jectives: undergraduate education, 
graduate education and research and 
creative attainment. In the college of 
engineering and science, substantial 
programs of fundamental research are 
conducted. There are several special 
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research laboratories which have re- 
ceived international recognition for 
the excellence of their work. The 
coal research laboratory conducts in- 
vestigations on coal and its products, 
while the petroleum research labora- 
tory investigates the composition of 
petroleum and compiles fundamental 
data concerning the entire field of the 
thermodynamic properties of hydro- 
carbons and related compounds. A 
new research project under the spon- 
sorship of the Manufacturers’ Chem- 
ists Association, will provide readily 
accessible uniform data on the phys- 
ical properties of chemical compounds. 

The Metals Research Laboratory 
pursues basic research on the science 
of metals, directed toward solving 
problems of scientific and engineering 
importance. 

The Physics Department’s two-mil- 
lion dollar Nuclear Research Center 
has a 450 m. electron-volt synchro- 
cyclotron which contributes to re- 
search in fundamental particle physics 
and high-temperature nuclear physics 
and chemistry. 

Undergraduate education, graduate 
education and research and creative 
attainment—all are important—but at 
Carnegie Institute of Technology these 
objectives are all incorporated in the 
Carnegie plan of liberal professional 
education. And, most important, the 
Carnegie plan calls for the same kind 
of teaching for both the technical and 
the liberal arts aspects of the curric- 
uum. For, while Carnegie Institute 
of Technology is a world-renowned 
engineering and technological school, 
it is unique among great engineering 
universities—it consists of six other 
major divisions in addition to the col- 
lege of engineering and science. These 
divisions are: the college of fine arts, 
which includes departments of drama, 
music, painting and design, sculpture 
and architecture; the school of print- 
ing management; Margaret Morrison 
Carnegie college for women; the divi- 
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sion of humanistic and social studies; 
the Carnegie library school; and the 
graduate school of industrial adminis- 
tration. 

The importance of these schools in 
supplying the unique Carnegie qual- 
ities of a professional education can- 
not be underestimated. Carnegie In- 
stitute of Technology is the only major 
school in the world that offers a de- 
gree program in graphic arts and was 
the first to offer a degree in the dra- 
matic arts. The graduate school of 
industrial administration is the first 
school of its kind in the United States 
and offers a two-year graduate pro- 
gram to candidates for the master’s 
degree in that field. The GSIA was 
founded only seven years ago yet is 
one of only two business schools in the 
United States—the other being Har- 
vard University—that has received a 
Distinguished Research Professorship 
from the Ford Foundation. Carnegie 
Institute of Technology—a private 
co-educational institution, privately 
financed with a physical plant valued 
at 20 million dollars and an endow- 
ment of 33 millions—has made great 
strides since its founding in 1900 by 





Machinery Hall housing the mechanical 
and electrical engineering departments, one 
of the first buildings erected. 
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Andrew Carnegie, the pioneer steel- 
maker and philanthropist. In only 57 
years it has progressed from giving 
technical and scientific training and 
serving the local community to setting 
the pace in professional education 
with a national and international repu- 
tation. 

As well as its emphasis on the social 
and historical element in engineering 
courses, Carnegie Institute has made 
arrangements whereby students may 
combine full-time education in both 
engineering and the liberal arts. 
Many prospective enginering students 
desire a broader training than can be 
obtained in a four-year engineering 
course, but hesitate to take a full-time 
arts course before going on to an engi- 
neering school. By arrangement with 
certain arts colleges, such students 
may now take three-year degree 
courses in arts subjects followed by a 
two-year course for an engineering 
degree at Carnegie. This saves at 
least one year of study and gives them 
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an engineering education with a strong 
liberal background. 

To permit the school to continue as 
a great seat of learning, knowledge, 
research and creative attainment Car. 
negie recently announced a $24,350. 
000 building and development pro- 
gram which has the endorsement of 
many of the top industrial and busi- 
ness leaders in the United States. In 
its development, Carnegie does not in- 
tend to deviate from its path of qual- 
ity. The building and development 
program is not intended to solve the 
problem of education in the pure and 
applied sciences by mere numbers. 
Carnegie has always realized that 
mediocrity produced en masse can- 
not fulfill the need for creative, highly 
competent, and strongly motivated 
business executives, artists, scientists, 
engineers and leaders of society. Car- 
negie Institute of Technology will 
continue to follow the Carnegie plan 
as its answer to the problem of pro- 
fessional education. 








Donner Hall, a dormitory, constructed mainly of aluminum, for 200 male students. 





ASEE ANNUAL MEETING 


PITTSBURGH, JUNE 15-19, 1959 











THI 
IN 


As 
vision 
partm 
sin hi; 
physi 
trans 
ical x 
preset 
phenc 
It is h 
given 
in pre 
engine 
for in 

The 
curric 
ginee1 
volve 
large 
field i 
requir 
this a: 
eratio: 
desigr 
of stay 
failed 
of the 
effecti 
search 
To co 
cided 
eratio1 
course 


1. 49—No, 7 
a strong 


tinue as 
wledge, 
ent Car. 
$24,350,- 
ent pro- 
ment of 
nd busi- 
ates. In 
S not in- 
of qual- 
lopment 
olve the 
ure and 
1umbers, 
ed that 
sseé can- 
e, highly 
tivated. 
cientists, 
ty. Car- 
gy will 
gie plan 
| of pro- 





ents. 











THE WISCONSIN COURSE 
IN TRANSPORT PHENOMENA 


WARREN E. STEWART 


Assistant Professor Chemical Engineering Department 


University of Wisconsin 


An address to the Engineering-Physics Joint Session on Heat and 
Mass Transfer, American Society for Engineering Education Annual 
Convention, Berkeley, California, June 19, 1958. 


As part of a general curriculum re- 
vision, the Chemical Engineering De- 
partment at the University of Wiscon- 
sin has set up a new course in the 
physics of heat, mass, and momentum 
transport. The course emphasizes log- 
ical mathematical development, and 
presents the theory of the transport 
phenomena as a single unified subject. 
It is hoped that the course description 
given here, and the text now available 
in preliminary form,* will help other 
engineering schools to meet the need 
for instruction in this vital area. 

The need for such a course in our 
curriculum was clear. Chemical en- 
gineering applications necessarily in- 
volve the transport phenomena to a 
large degree, and knowledge in this 
field is expanding rapidly. Our only 
required undergraduate instruction in 
this area was a traditional “Unit Op- 
erations” program dealing with the 
design and operating characteristics 
of standard process equipment, which 
failed to show the fundamental unity 
of the principles involved and did not 
effectively prepare students for re- 
search or further study in this field. 
To correct this situation, it was de- 
cided to shorten the study of unit op- 
erations and precede it with a basic 
course on transport phenomena. 


Organization of the Course and Text 


The course, Transport Phenomena, 
is intended to provide a broad view 
of the field in preparation for later 


*R. B. Bird, W. E. Stewart, and E. N. 
Lightfoot, Notes on Transport Phenomena, 
Wiley, New York (1958). 
ferred to as Notes.) . 


(Hereafter re- 


specialization.t This calls for a skele- 
ton treatment in which the most fun- 
damental and useful principles, and 
their interrelations, are stressed. In 
such a treatment, it is natural to or- 
ganize the material into a logical se- 
quence on the basis of theory, rather 
than applications. This organization 
results in a course that can be taken, 
with equal benefit, by engineers in 
different fields. 

Table I { illustrates the role of the- 
oretical principles in the organization 
of the course. First, the subject is 
divided by physical nature into three 
parts: momentum transfer, heat trans- 
fer, and mass transfer or diffusion. In 
addition, there is a second natural di- 
vision according to the level of mathe- 
matical description, ranging from the 
detailed description provided by mo- 
lecular theory to the overall descrip- 
tion usually employed in engineering 
design. 

Table I figures prominently in the 
presentation of the course. It is pre- 
sented to the students in the initial lec- 
ture as a “road map” of the course, 
and serves as a useful orientation de- 
vice during the term. Its major value 
to the student is that it shows how 
the understanding of each area 
strengthens, and is strengthened by, 
an understanding of related areas. 


+ An excellent discussion of the possibil- 
ities for graduate and undergraduate instruc- 
tion in this field is given by R. B. Bird, in a 
paper contributed to Recent Advances in the 
Engineering Sciences, McGraw-Hill, New 
York (1958), pp. 155-177. 

t Adapted from a similar table in the 
preface of the Notes. 
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TABLE I 
SuRVEY OF Topics IN TRANSPORT PHENOMENA 
Part A Part B Part C 
Transport Process > 

| Level of Description | Momentum Energy Mass 

Transport Transport Transport 
Molecular theory gives expressions for | Viscosity Thermal Binary 

the fluxes of momentum, energy and Conductivity Diffusivity 

mass due to molecular motion, in terms k | Daz 


of the ‘transport properties.” 





Application of the laws of conservation | Equation of 


Equation of Equations of 





of momentum, energy and mass to a| Motion Energy Continuity 
microscopic volume element within a 
fluid gives the ‘‘equations of change.” 

Solution of the equations of change, with | Velocity and Temperature Concentration 
appropriate boundary conditions, gives | Pressure Distributions Distributions 
“profiles” in terms of the transport} Distributions 


properties. Partial information is ob- 
tainable from the equations by dimen- 
sional analysis, or from their time- 
averaged form for turbulent flows. 





Radiant energy transport is often signifi- 
cant, but radiant mass and momentum 
transport are ordinarily negligible. 


Planck’s Law. 
Stefan-Boltzmann 
Law. Radiant 
energy inter- 
change between 
surfaces 





Observed or predicted transfer rates | Friction Factors, 
Drag and Lift 
Coefficients 


across interfaces are usually reported 
in terms of ‘‘transfer coefficients.” 


Mass Transfer 
Coefficients 


Heat Transfer 
Coefficients 





Integration of the equations of change | Overall Momen- 
tum Balance 


over a macroscopic region gives the 


Overall Material 
Balances 


Overall Energy 
Balance 








macroscopic (or overall) balances. 





Overall Mechanical Energy “Balance” 
or Engineering Bernoulli Equation 








The route followed by the course 
and text is down the successive col- 
umns of Table I. The three main 
topics (momentum transport, energy 
transport, and mass transport) are 
thus treated consecutively but in 
analogous fashion. As the course 
progresses, frequent comparisons are 
made, and analogies drawn, between 
topics at the same level in different 
columns. 

The course material is arranged in 
order of presentation in Table II.* 


* From the Table of Contents of the 
Notes. 





The topical arrangement evidently 
corresponds to that of Table I. It will 
be noted that the present one-semes- 
ter, 3-credit course does not cover the 
entire text; to do so would probably 
require 5 credits. 


Description of Topics 


In the following discussion, it wil 
be helpful to bear in mind that the 
course is taken in the first semester 
of the junior year. One semester of 
rigid-body mechanics, and mathemat- 
ics up through ordinary differential 
equations, are required background 
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TABLE II 
OUTLINE OF CouRSE* AND TExtTt 
Part A. Momentum Transport 


Chapter *1. Viscosity and the Mechanism of 

Momentum Transport 

*2. Velocity Distributions in Steady 
Laminar Flow 

*3. The Partial Differential Equa- 
tions for Isothermal Viscous Flow 

4. Velocity Distributions in Un- 
steady Laminar Flow 

5. Velocity Distributions in Steady 
Turbulent Flow 

*6. Friction Factor Correlations for 
Steady Flow 

*7. Macroscopic Balances for Iso- 
thermal, Single-Component Sys- 
tems 


Part B. Energy Transport 


Chapter *8. Thermal Conductivity and the 

Mechanism of Energy Transport 

*9. Temperature Distributions in 
Solids and in Steady Laminar 
Flow Systems 

*10. The Partial Differential Equa- 
tions for Non-Isothermal Viscous 
Flow 

11. Temperature Distributions in 
Unsteady Heat Flow 

12. Temperature Distributions in 
Steady Turbulent Flow 

*13. Heat Transfer Correlations for 
Steady Flow 

*14. Radiation 

*15. Macroscopic Balances for Non- 
Isothermal § Single-Component 
Systems 


Part C. Mass Transport 


Chapter *16. Diffusion and the Mechanisms of 
Mass Transport 
*17._ Concentration Distributions in 
Solids and in Steady Laminar 
Flow Systems 
*18. The Partial Differential Equa- 
tions for the Flow of Viscous 
Fluid Mixtures 
19. Concentration Distributions in 
Unsteady-State Diffusion 
20. Concentration Distributions in 
Turbulent Flow 
*21. Correlation of Mass Transfer and 
Related Processes in Steady Flow 
*22. Macroscopic Balances for Multi- 
component Systems 


_ *Chapters bearing this symbol are included 
in the present 3-credit undergraduate course. 

tR. B. Bird, W. E. Stewart, and E. N. Light- 
foot, Notes on Transport Phenomena, Wiley, New 
York (1958). ‘ 
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TABLE Il—Continued 


Appendices 
Appendix A. Summary of Vector and Tensor 
Notation 
Appendix B. Separation of Variables Method 


for Solving Linear Partial Differ- 
ential Equations 


for the course. At present most stu- 
dents take the differential equations 
course concurrently with Transport 
Phenomena. 

Each of three main parts of the 
course and text begins with the defini- 
tion of a transport rate (flux), and the 
corresponding transport property. In 
their simplest form,* the defining rela- 
tions are: 


Ov, 
Tyz —~— bh ay (1) 
oT 
ania k ay (2) 
J Ow, 
jay = — pDap Oy (3) 


These equations state that (1) the 
flux of x-momentum in the y direction 
by viscous action is proportional to 
the velocity gradient term dv,/dy; 
(2) the heat flux by conduction in the 
y direction is proportional to the tem- 
perature gradient term oT/dy; and 
(3) the mass flux of component A by 
diffusion in the y direction in a binary 
mixture is proportional to the mass 
fraction gradient term dw,s/dy. The 
proportionality constants are the vis- 
cosity », the thermal conductivity k, 
and the product of the density p and 
the binary diffusivity D,:. 

Sources of data on the transport 
properties, typical numerical values 
and trends, and modern methods of 
predicting transport properties from 
molecular theory or principles of cor- 
responding states, are also given in 
Chapters 1, 8, and 16. Non-Newton- 


* Notes, Chapters 1, 8, 16. More com- 
plete expressions are given later in the 
Notes. 
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ian flow, and diffusion in non-ideal 
solutions, are considered briefly. 

Next, in Chapters 2, 9, and 17, the 
student is given numerous examples 
and problems illustrating the formula- 
tion of differential momentum, energy 
and mass balances. The resulting dif- 
ferential equations are solved under 
various boundary conditions to obtain 
profiles of velocity, pressure, tempera- 
ture, or composition. The use of the 
profiles to obtain other information, 
such as transfer rates at interfaces, is 
stressed. 

The microscopic approach is con- 
tinued in Chapters 3, 10, and 18 with 
the presentation of the “equations of 
change,” which are the momentum, 
energy and mass balances for an arbi- 
trary microscopic element in a con- 
tinuous * fluid. These equations may 
be written as follows + for a one-phase 
region in a fluid or solid where n 
chemical components are present: 


Equation of Motion: 
Dv 

? Dt 
Equation of Energy: 


=— Vp — (V-2) + 3 pwiF; (4) 


0 
a) fa (V-q) — p(V-v) 


— (2:Vv) + 2 GiFi) (6) 
i=1 
Equations of Continuity (Material Bal- 
ances) : 
Dw; : 
arg mL afa te e (6) 


where 
p = !ocal fluid density 


D ; — 
Di~ substantial derivative operator 
0 


o +n 
=" = ) 
ar "ag * ay 


* Real fluids can be treated as continuous, 
despite their known molecular nature, with 
satisfactory accuracy as long as the average 
properties of the molecular population do 
not change significantly in a distance com- 
parable with the mean free path. 

+ Notes, Chapter 18. 


Ce 
"Be 
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v = local mass-average velocity vector 
U = local internal energy per unit mass 
of the fluid mixture referred to 
the elements in given standard 


states 

w; = local mass fraction of species in 
the fluid 

V = “del” or “nabla” operator 


local static pressure 

= = local viscous momentum flux tensor 
(viscous stress tensor) 

q = local conduction and radiation heat 
flux vector 

J; = local diffusion mass flux vector for 
species i referred to the mass- 
average velocity Vv 

F; = local acceleration acting on i* 
species, due to gravitational and 
other fields 

r; = local rate of production of species i 

by chemical reaction, mass per 

unit volume per unit time. 


Simplified derivations of these equa- 
tions, and a summary of the vector 
and tensor notations involved, are 
given in the Notes. 

The physical interpretation of the 
equations of change is quite simple. 
Equation (4) states that the rate of 
momentum change for an element of 
fluid moving with the stream is equal 
to the sum of the forces due to pres- 
sure and viscous stresses on the sur- 
face of the element, and the forces 
due to fields acting throughout the in- 
terior. Equation (5) states that the 
internal energy of an element of fluid 
moving with the stream changes be- 
cause of heat flow by conduction and 
radiation, work done against the sur- 
face forces, and work done by the 
force fields acting on the interior of 
the element. Equation (6) states that 
the mass fraction of component i in 
an element of fluid moving at the 
mass average velocity v changes be- 
cause of diffusion and chemical reac- 
tions. Thus the thrée equations are 
merely detailed statements of New- 


ton’s second law, the law of conserva- | 


tion of energy, and the law of cor 
servation of mass. 
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The equations of change play a key 
role in the course. They are used to 
obtain exact solutions to simple non- 
fow or laminar flow problems, and to 
carry out dimensional analyses of more 
general situations including turbulent 
fow and geometrically complicated 
systems. The equations of change are 
also shown to provide the basis for the 
Prandtl boundary layer equations and 
the semi-empirical film and penetra- 
tion theories, which have been found 
useful for predicting and correlating 
the transfer coefficients. 

The equations of change are intro- 
duced one at a time as needed. Thus, 
Chapter 3 deals with the equations of 
continuity and motion for a pure fluid, 
Chapter 10 adds the energy balance 
for a pure fluid, and Chapter 18 con- 
tains the equations as given above for 
nonisothermal flow of mixtures. Each 
of the equations is “verified” by using 
it to solve simple problems previously 
worked by differential momentum, en- 
ergy or mass balances. A few exam- 
ples of this type illustrate that the 
equations of change are of general 
utility, and that there is no further 
need to set up differential balances 
for problems involving transport phe- 
nomena. 

A number of topics related to the 
equations of change are best treated 
in vector and tensor notation. Equa- 
tions thus stated are compact, expres- 
sive and permit many insights that 
would otherwise be difficult to ac- 
quire. To ensure that the student 
gains these insights, the physical 
meaning of each notation is explained 
as it is introduced, and an appendix 
on vector and tensor notations is in- 
cluded in the Notes. In addition, 
most of our students have previously 
studied vector analysis as a topic in 
calculus. * 

The chapters on unsteady-state phe- 


*See Chapter 13 of the text by G. B. 
Thomas, Jr., Calculus and Analytic Geom- 
etry, Addison-Wesley, Cambridge, Massa- 
chusetts, 1953. 
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nomena and theories of turbulence are 
not covered in the present course, due 
to time limitations and the belief that 
the other topics available (See Table 
II) are of more general value. Cor- 
relations of transfer coefficients for 
turbulent flow are covered, however, 
as discussed below. 

Chapters 6, 13, and 21 deal with 
transfer coefficients, their relations to 
the velocity, temperature and concen- 
tration profiles, their functional de- 
pendence as predicted by dimensional 
analysis, and various correlations of 
empirical or theoretical origin. 

Chapter 14 deals with radiation, a 
phenomenon ordinarily associated only 
with heat transfer. Emphasis is placed 
on the development of the basic rela- 
tions for energy interchange between 
solid surfaces. 

Chapters 7, 15, and 22 are devoted 
to the overall (macroscopic) balances. 
Unusually complete statements are 
given of the overall momentum bal- 
ance, the Bernoulli equation or over- 
all mechanical energy balance, the 
overall total energy balance (First 
Law of Thermodynamics) and the 
overall material balances. The mean- 
ings of these separate but related for- 
mulae are clarified by discussing them 
as integrated forms of the equations 
of change,* and their use is illustrated 
by a variety of engineering examples. 


Development of the Course 


The development of the course, 
Transport Phenomena, has been a 
team effort involving our entire de- 
partmental staff, the students in the 
course, and the publishers. The 
course was planned by the professorial 
staff as part of a general curriculum 
revision, and weekly staff meetings 
were held during the operation of the 
course to review its progress and plan 
the lecture schedule. The production 
of the 1000-page mimeographed Notes 
was handled by the department civil 


*R. B. Bird, Chemical Engineering Sci- 
ence, 6, 123-131, 1957. 
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service staff, and a printed edition is 
being prepared by John Wiley and 
Sons. Without this cooperative effort, 
and the inspired leadership of Profes- 
sor R. B. Bird, the course and text 
could not possibly have reached their 
present state of development since the 
beginning of the text in August, 1957. 


Results to Date 


In two semesters of operation, 
Transport Phenomena has been taken 
for credit by about 80 students, the 
majority being first-semester juniors 
in chemical engineering. A study of 
the performance and opinions of this 
group indicates that the course mate- 





Semester Old Curriculum 
V Unit Operations 4 cr. 
VI Unit Operations 4 cr. 


The mastery of Unit Operations 
achieved under the new program is 
actually superior, since the students 
have a deeper understanding of the 
principles involved. In addition the 
students learn a great deal about sub- 
jects not covered in a conventional unit 
operations program. Similar advan- 
tages would be expected from the 
combination of transport phenomena 
with other related courses such as heat 
transfer, fluid mechanics, and diffu- 
sional operations. 

Our students and staff-have found 
the study of Transport Phenomena 
stimulating and rewarding. Based on 
our experience to date, it appears that 
the course effectively does what it was 
planned to do: * 


1. Presents the physics of heat, 
mass and momentum transfer as a 
unified subject. 

2. Introduces the student to the 
molecular, microscopic and macro- 


*R. B. Bird, contribution to Recent Ad- 
vances in the Engineering Sciences, Mc- 
Graw-Hill, New York, 1958, pp. 155-177. 
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- course are quite flexible. Six mem. 





rial is challenging but within the abil. 
ity of the average junior student. The 
selection of topics in Table II, for 
one-semester three-credit course, re. 
sulted from this study. 

Our staff arrangements for the 


bers of our professorial staff* (all 
whose other duties would pernit) 
have taught the course. The teaching 
duties were thus distributed to pro 
mote free exchange of ideas and ty 
speed the modification of other courses 
in the light of this new training. 

The new course has made it pos 
sible to speed up the study of Unit 
Operations considerably, as shown by 
the following comparison: 


New Curriculum 


Transport Phenomena 3 cr. 
Unit Operations So 





scopic viewpoints in physics and en 
gineering. 

3. Utilizes the student’s mathemat: 
ical training to the fullest extent. 

4, Shows how the principles of me 
chanics may be applied to fluid sys 
tems. 

5. Develops the student’s ability to 
visualize the physical picture in terms 
of concentration, velocity and tem 
perature profiles. 

6. Develops a thorough understan¢- 
ing of the transport properties and the 
transfer coefficients. 

7. Provides the theoretical back 
ground for engineering application 
of transport phenomena. 

8. Provides solid physics back 
ground for those who will later take 
graduate studies. 

9. Develops an awareness for the 
difference between rigorous theory 
and empiricism. 

10. Develops the ability to analyz 
the contents of handbooks and othe 
references critically. 


® Professors R. J. Altpeter, R. B. Bird, B 


N. Lightfoot, W. K. Neill, W. E. Stewart) 


and C. C. Watson. 
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It is believed that the objectives 
just stated are consistent with those 
of most engineering curricula. This 
belief is strengthened by the knowl- 
edge that a large number of depart- 
ments of chemical and mechanical en- 
gineering are actively considering the 
adoption of such a course. The ob- 
jectives seem especially appropriate 
to the increasingly popular engineer- 
ing science curricula, in which tech- 
nical specialization is deferred to al- 
low stronger basic training in mathe- 
matics, physics and chemistry. 

Future Plans 


It is expected that Transport Phe- 
nomena will touch off a series of im- 
provements throughout our under- 
graduate and graduate curricula. The 
course material has obvious applica- 
tions in fluid dynamics, heat transfer, 
diffusional operations, thermodynam- 
ics, chemical kinetics and electrochem- 
istry. Our future efforts will be con- 
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cerned as much with course work in 
these related areas as with Transport 
Phenomena, which is now fairly well 
established. 

Transport Phenomena will be given 
this fall at several other universities. 
The results of these other operations 
will be of great assistance in further 
developing the course and text. 

A preliminary printed edition of the 
Notes * is now available. This edi- 
tion is a revised and enlarged version 
of the notes which were used at Wis- 
consin last year, and is being issued to 
gather comments and suggestions for 
the final revision which is about to be- 
gin. We hope that the printed notes 
will be widely read and that the read- 
ers will help us, by their comments, to 
produce a text that meets their needs 
with maximum effectiveness. 

*R. B. Bird, W. E. Stewart, and E. N. 
Lightfoot, Notes on Transport Phenomena, 


published by John Wiley and Sons, 440 
Fourth Avenue, New York, N. Y. (1958). 


INTERNATIONAL ELECTROTECHNICAL 


VOCABULARY 2ND EDITION 








The newest section of the second edition of the International 
Electrotechnical Vocabulary (IEC Publication 50), Group 35, Elec- 
tromechanical Applications, is now available from the American 
Standards Association. 

IEC Publication 50(35) contains about 90 terms and definitions 
in English and French, together with the equivalent terms in Ger- 
man, Spanish, Italian, Dutch, Polish, and Swedish, for electro- 
mechanical applications in the fields of materials handling, auto- 
motive industry, agricultural machinery, clocks, signalling devices, 
and others. 

Group 35 is one of 22 groups of the second edition of the 
vocabulary which is being prepared by the International Electro- 
technical Commission (IEC). Eleven of the 22 groups of the 
new edition are completed and available from the American Stand- 
ards Association. The first edition of the International Electro- 
technical Vocabulary was published in 1938. 

American interests in the work of the International Electro- 
technical Commission are represented through ASA. IEC Pub- 
lication 50(35) may be purchased at $2.40 per copy from American 
Standards Association, Dept. PR23, 70 East 45 Street, New York 
17, N. Y. 





HIGH LEVEL ENERGY TRANSFER PROCESSES 





IN MINING ENGINEERING 


Teaching Principles of Transfer 
of Impact Energy 


There are many of the fundamental 
aspects of blasting which are not thor- 
oughly understood. While research 
into this problem involves a number 
of complicated problems in physical 
chemistry, dynamics, electronics, ad- 
vanced mathematics and impact 
strength of materials, the teaching of 
some of the presently known and es- 
tablished principles can and must be 
taught on the undergraduate level 
(Fig. 1). Although the complete sub- 
ject matter discussed here is very com- 
plex, simpler types of problems to- 
gether with the principles in terms of 
which they are explained can be 
taught to students on the junior level 
in engineering in most, if not all, of 
our mining schools. 


General 


Perhaps the most significant source 
of energy applicable to mining proc- 


GEORGE B. CLARK 


Chairman Department of Mining Engineering 


Missouri School of Mines and Metallurgy 


esses is found in high explosives (non. 
nuclear). High explosives exhibit the 
ability to detonate rather than de. 
flagrate as does black powder. A 
deflagration is a rapid burning, while 
a detonation is characterized by the 
propagation of a shock wave sup 
ported by a chemical reaction (Table 
I). Explosives which detonate are 
employed almost exclusively for blast- 
ing because the time and manner in 
which explosive energy is released 
permits their use in the breakage of 
rocks of a wide range of physical 
properties. Energy content of various 
explosives is given in Table II. 

Use of high explosives has resulted 
in an increase in working capacity by 
a factor of approximately 3000 in rock 
excavation as compared with pre-er 
plosive methods. And while recently 
developed atomic explosives release 
much larger quantities of concentrated 
energy and have not been adapted to 
industrial blasting, modern commer 
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HIGH LEVEL ENERGY TRANSFER PROCESSES 





TABLE I! 


CHARACTERISTICS OF ‘‘HIGH” AND “Low” EXPLOSIVES 








High 








Method of Initiation Primary Secondary ai... 
Ignition Detonator 

Rate of Conversion Microseconds Milliseconds 

Velocity of Burning Front One to Five Miles per second | A Few Inches to Feet per 
Second 

Velocity of Flame Front One to Five Miles per second | One-Third to One Mile/ 
Second 

Pressures of Explosion Up to 4,000,000 psi Up to 40,000 psi 


Rock Breakage in “Borehole” 


Blasting 

Exploded in Gun Shatters Gun 
Demolition Excellent to poor 
Uses Demolition, Blasting 





3 to 30 tons/pound 


3 to 30 tons/pound 


Good Propellant 
Very poor or nil 
Propellant, Blasting 








1Cook, M. A., The Amazing Story of Explosives. 


cial high explosives are subject to con- 
trolled use and have accomplished as 
much in raising our standard of living 
by reducing the cost of producing es- 
sential minerals as any other single 
comparable factor. 

While the development of the the- 
ories and basic experimentation with 
high explosives have been largely by 
the physical chemist, the application 
of this knowledge to the breakage of 
rock in blasting processes falls largely 
in the field of mechanics (dynamics), 
and more specifically in the field of 
rock mechanics, a branch of mining 
engineering science. 


Explosives and Shock Waves 


The development of the detonation 
theory is due to Chapman‘ and 
Jouget.© As previously noted, a high 
explosive is characterized by the prop- 
erty of being able to detonate, which 
is the propagation of a shock wave 
accompanied and supported by a 
chemical reaction in the explosive 
medium. The difference between a 
shock wave and a sound wave is 
indicated schematically in Figure 2, 

‘Chapman, D. L., Phil. has (5) 47, 90 
(1899). 
5Jouget, E. J., Compt. rend., 1904, 


Bulletin Univ. of Utah, vol. 42, Nov. 7, 1952. 


but the difference in pressures, i.e., 
between p, and p, is in the order of 
10° or more. 

The distinguishing features of a 
shock wave are (1) the abrupt or dis- 
continuous rise in pressure, (2) the 
high pressures attained in the shock 
wave, and (3) its supersonic velocity. 
An interesting point concerning shock 
waves is that both non-reactive and 
reactive (detonation) waves may be 
analyzed to a certain degree by the 
same procedure. 

Basically, the relationship of shock 
wave parameters such as velocity, 
pressure, streaming velocity, energy 
and density may be expressed by 
means of the conservation laws, and 
this development has become known 
as the Hydrodynamic Theory. Shock 
waves may be classed in accordance 
with the medium in which they occur 


TABLE II 
Energy Content: 


1,700 tons TNT equiv. 
6 X 6 X 7 room 

Dynamites? max. 4,000 ft.-lb./gm. 

Military Explosives? max. 3,800 ft.-lb./gm. 


2 Johnson, Gerald W., Rainier Blast Opens 
New Horizons, E. & M. J., April 1958. 

3’Taylor, J., Detonation in Condensed Ex- 
plosives, Oxford, 1952. 
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(Rainier)? 
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Fic. 2. Time pressure curves for ordinary 
sound wave and for shock wave. 


and whether they are reactive or non- 
reactive. (See Figure 3.) In non-re- 
active media shock waves quickly de- 
cay into sound waves, while in a semi- 
infinite reactive medium the wave 
(plane) may continue on indefinitely, 
once established, without changing 
any of its parameters. Geometrically, 
shock waves may occur in either 
plane, cylindrical or spherical form. 
The hydrodynamic theory is ordinarily 
applied, however, only to plane waves. 

One way of analyzing the detona- 
tion process with respect to blasting 
is to give credit to the shock wave for 
the very rapid liberation of a large 
amount of energy. The propagation 
of the shock wave, its stability, and 
efficiency are dependent on a large 
number of physical and chemical fac- 
tors. 


Additional Physical Laws 


The application of the hydrody- 
namic theory results in certain mathe- 
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Fic. 3. Shock waves in typical media. 
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matical relationships between the ve. 
locities, density, pressure, and energy 
in front of and in the detonation wave. 
Inasmuch as the parameters so de. 
fined are insufficient to evaluate the 
conditions in the detonation wave, 


‘ additional equations are required, 


One method of solution (Taylor) pre. 
fers the virial equation of state for 
use in the solution. Cook® prefers 
the use of a modification of Abels 
equation of state because it is more 
tractable to mathematical calculation, 
The equation is of the form 


pv = NRT + pa(») (t) 


where a is the covolume, a function of 
specific volume experimentally de 
termined. 

The solution for temperature als 
adds difficulties to the problem, but 
it is one of the basic parameters 
Hence, the problem becomes one of 
relating certain of the laws of thermo 
dynamics to the hydrodynamic theory 
and the chosen equation of state, 
which also infers that most of the 
products of the explosion are gases at 
pressures which may be as high a 
200,000 atmospheres and temperatures 
above 5000° K. 


Thermodynamics and Chemistry 


An explosion process is assumed to 
be adiabatic, and the laws of thermo- 
dynamics give the following relation- 
ship between internal energy, pres 


6 Cook, M. A., Jl. Chem. Physics, 1, 
15, 518: 1948, 16, 1081. 
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sure and volume: 


dE =— pdv (2) 


From basic material and heat balance 
equations the heat of detonation is 
known to be equal to the heat of for- 
mation of the products of detonation 
minus the heat of formation of the 
explosive. For oxygen balanced ex- 
plosives, ie., those which contain 
enough oxygen to combine with all 
of the hydrogen and carbon to form 
water and carbon dioxide, the prob- 
lem of determining the detonation 
products is relatively simple. For the 
more general condition of insufficient 
oxygen, chemical equilibria must be 
considered. Equilibrium constants, 
however, are a function of the un- 
known temperature of detonation and 
must be corrected by a fugacity fac- 
tor. Also, the temperature is depend- 
ent upon the heat capacities of the 
detonation products which are in turn 
temperature dependent. 

This interdependence of parameters 
suggests that the method of solution 
will be one of iteration, and this is 
the case. Temperature maintains 
such a dominant control of the prob- 
lem mathematically that this serves 
asa logical starting point. A tempera- 
ture is assumed, products calculated, 
material balance equations satisfied 
and the resulting temperature checked 
against the one assumed. This proc- 
ess is repeated until the temperatures 
agree and then the detonation velocity 
and pressure are calculated. 
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Briefly, this and similar methods of 
calculation may involve the solution 
of twenty or more non-linear simulta- 
neous algebraic equations, which may 
be accomplished with some facility on 
an electric desk calculator. The prob- 
lem is an ideal one for a digital com- 
puter and some portions, if not all of 
it, can be solved readily upon a prop- 
erly designed potentiometric analog 
computer. 

One of the remarkable results that 
the detonation calculations reveal is 
that the density of the gaseous prod- 
ucts of the explosive in the detonation 
wave is greater than the density of the 
explosive itself. That is, the greater 
number of gaseous molecules and 
atoms are moving in the direction of 
the burning zone rather than away 
from it. This condition is compared 
with quiescent gas and a deflagrating 
explosive in Figure 4. 


Explosion State 


With the possible exception of such 
application as the shaped charge 
used in a bazooka rocket and oil well 
casing perforation charges, the deto- 
nation wave accomplishes little di- 
rectly useful work. The explosion 
state, where the explosion products 
occupy (instantaneously) the volume 
occupied by the explosive, is more 
useful in evaluating effective blasting 
pressures and temperatures. In math- 
ematical calculations of the explosion 
state two subiterations are eliminated 
in solving for the important param- 


DIRECTION OF BUREING 
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Fic. 4. Three states of average atomic and molecular velocities. 
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eters of pressure and temperature. 
From these and the explosion prod- 
ucts the ideal available work may also 
be determined. 


Available Work 


The expansion of the gases which 
results from the explosion is assumed 
to be adiabatic in character and their 
composition “frozen.” Then the avail- 
able work may be calculated by 

Ts 
A= pdv (3) 
Ts 
where A is available work, T, is the 
explosion temperature and T, is the 
final temperature after adiabatic ex- 
pansion. This integral can be evalu- 
ated employing Abel’s equation of 
state and other appropriate factors. 
In many explosives, however, the heat 
of explosion may be taken as an ap- 
proximation of the total available 
energy. 

The total energy and the rapidity 
with which this energy is released 
have served as fairly reliable criteria 
in the past for evaluating the blasting 
efficiency of explosives. The variation 
of borehole pressure with time and 
how this affects the explosive’s cap- 
ability to break a given type of rock 
remains an enigma partly because of 
problems of instrumentation. For ex- 
ample, no pressure gages have been 
developed which will withstand deto- 
nation pressures long enough to effect 
a recording of them. 


Conditions in Blast Hole 


In a blast hole at a given instant 
during a detonation, the temperatures 
and pressures generated by the wave 
and the chemical reaction are higher 
than those behind the detonation 
wave. The detonation pressure exists 
for only a very short time at any posi- 
tion in the explosive column and, 
hence, does little actual work. The 
effective work is performed by the ex- 
plosive gases after they have reached 
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a temporary explosion state at a cer. 
tain distance behind the detonation 
wave. 


Blasting Action 


The transmission of energy from a 


rock is a problem of immediate inter. 
est. It is necessary that a free face 
be present within a certain optimum 
distance of a confined charge for the 
rock to break. Thus, for charges lo. 
cated near optimum distances from 
free faces, the apparently simple ques. 
tion always arose: does the rock break 
from the inside out or from the out 
side in? 


Reflection Mechanism 


Recent research by the Bureau of 
Mines? has shown quite conclusively 
that in most cases the rock break 
from the outside in, primarily by a slab- 
bing action. As a compressive strain 
wave generated in the rock by the 
detonating explosive, impinges upon: 
free surface at normal incidence, it is 
reflected as a tensile wave, the magni- 
tude and energy of the reflected wave 
depending primarily upon the angle 
of incidence. As the first portion o 
the wave is reflected, it is superim 
posed upon the remaining portion, the 
tensile portion being cancelled unti 
it exceeds the magnitude of the com- 
pressive wave. Where the reflectel 
strain exceeds the breaking tensik 
strain of the rock, it will break. How- 
ever, part of the strain energy is er- 
trapped in the slab and plays m 
further part in breaking of rock from 


the solid. The maximum depth tif 


which a given strain pulse will brea 
is then less than one-half its fal 


length. Also, of the total sphericd} 


strain pulse emanating from a concet: 
trated charge near the optimum dis 


7 Duvall, W. L., and Atchison, T. C., Rod 


Breakage by Explosives. Bureau of Mine) 


Report of Inv. 5356. 
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tance from a free surface only the por- 
tion of the energy subtended by a solid 
angle represented approximately by 
the crater formed is used in breakage. 
The remainder is dissipated into the 
solid rock by direct transmission and 
reflection. For example, in a 90° solid 
angle with one free face, less than one- 
eighth of the total strain energy is 
used. Hence, single free face blasting 
represents a very inefficient use of ex- 
plosive energy. The maximum uti- 
lization would occur when the proper 
amount and type of explosive was 
placed in a spherical cavity in the cen- 
ter of a free sphere. 


Other Mechanisms 


There are cases where the reflection 
mechanism apparently does not apply. 
In burn cut rounds several drill holes 
are placed in a closely spaced pattern, 
usually near the center of a tunnel 
face, with one or more of the holes 
left unloaded to provide a cylindrical 
“free face.” In this type of blasting it 
appears that the pressures and stresses 
are so intense at this close proximity 
that the rock between the holes is 
pulverized and/or sheared as the first 
compressive wave moves out. 
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Similitude 

The laws of similitude have a very 
useful application in utilization of ex- 
plosive energy beyond the equally use- 
ful testing of models. Aside from cer- 
tain non-homogeneous factors which 
are often negligible, a very simple law 
of similitude can be applied with ease 
to rocks of the same type and blasting 
conditions of the same geometrical 
configuration. All linear dimensions 
of a given configuration must vary 
linearly with each other and the 
charge size (i.e., linear dimension) 
must vary in the same manner. A con- 
venient scale factor is usually chosen 
as *#= YW, where W is the charge 
weight, and 7 is a scaling factor taken 
numerically equal to the cube root of 
a charge weight in pounds and in di- 
mensions of feet. To reduce dimen- 
sions to a scaled size, linear dimen- 
sions are divided by 7, areas by 7? and 
volumes by 7°. Strains are unitless, 
hence do not require scaling. Other 
quantities will vary according to the 
units in which they are expressed. It 
has been found that the law of simili- 
tude can be employed with assurance 
as a guide in changing drill hole sizes 
and spacings in blasting practice. 


UNIVERSITY OF WASHINGTON NUCLEAR CENTER 


The University of Washington on July 1, 1958, assumed the 
responsibility for operating the former General Electric School of 


Nuclear Engineering at Richland, Washington. 


This school was 


started in 1948 and has provided an opportunity for graduate train- 
ing in the area of nuclear science and engineering to employees of 
the General Electric Company and to others in the Richland area. 
The school will be called in the future the University of Washington 
Center for Graduate Study at Hanford. Dr. Kermit B. Bengtson 


has been named director of the school. 


Participating institutions 


besides the University of Washington are the University of Idaho, 
Oregon State College, and Washington State College. 





Candid Comments 


PROFICIENCY OR PANIC? 


Submitted for YET Paper Contest—1957. 


Atlantic Section, ASEE ) 


In the great national effort toward 
improvement of engineering educa- 
tion, there is seemingly being ignored 
a basic weakness in our educational 
methods. I refer to the method of 
measuring of student performance— 
the examination. 

Too many of the students that enter 
our engineering schools either take 
longer than the minimum necessary 
time to complete their education or 
simply drop out. This pattern is dif- 
ficult to correlate with the expected 
performance for the type of person 
who chooses engineering as a pro- 
posed career. Probing into the basis 
of this attrition phenomenon, it may 
be readily suspected that our conven- 
tional examinations, though estab- 
lished by usage of many years, are 
actually faulty measuring tools. 

The mission, primarily, of an ex- 
amination is to measure the acquired 
comprehension and ability of the stu- 
dent at a certain stage of his educa- 
tion. Further, it should also measure 
our own proficiency as teachers. 

Ask your graduate assistants or your 
more mature students who are close 
to both the taking of and the giving 
of examinations, or even recent alumni, 
whether the conventional examination 
accomplishes these purposes. The 
most common answers will include 
the equivalent of: “There wasn't 
enough time . . .” or, “I became rat- 


tled and couldn’t think . . .” or, “The 
trick questions stumped me... ,” etc. 
Seldom do we hear claims of lack of 





MILTON ALPERN 


Asst. Professor of Civil Engineering 
The Cooper Union, Cooper Square 
New York 3, New York 


(Third prize—Midde 


knowledge. In other words, mor 
usually than not, the students are 
probably too nervous during examina 
tions to perform normally, or they 
think they are, which is just as bad. 
Measurement is probably taken mor 
of panic response than of proficiency, 

Haven’t you often suspected that 
the spread of values that you obtain 
from an examination would be simila 
to that which would be obtained from 
medical surveys of various element 
of the body’s response to a panic situ 
tion? Yet the results of such examin 
tions are used as the basic component 
in the evaluation of student under 
standing of subject matter. Certainly 
this is inconsistent with our typicd 
engineering demand for precise meas 
urement. 

The grades derived from a conver} 
tional examination are probably i} 
measurement of a conglomeration d 
many things—varying from pure uw 
derstanding of a subject matter in th 
emotionally very stable student, t 


pure panic response in the emotionall| 
Most usually a 


unstable student. 
thorough but undefined mixture of th) 
two is measured. 


Based upon the results of this meas} 
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We probably do fail only too easily 
and too often with the measuring tools 
that we have. 

Concern over this matter is cer- 
tainly not a new thing. However, 
have we, for reasons of bookkeeping 
expediency, perhaps accepted the con- 
ventional concepts of the examination 
as a measuring tool even while doubt- 
ing its validity? If so, the current ac- 
tivities toward improvement of engi- 
neering education should also include 
studies and implementation toward a 
more valid measurement tool than the 
commonplace examination. 


Possible Solutions 


If this be criticism then let it at least 
be constructive criticism. It should 
be possible to measure acquired profi- 
ciency much more validly and yet 
practically. I respectfully suggest 
consideration of the following: 


The basic error in the conventional 
examination as a measuring tool is the 
time element which induces a sig- 
nificant psychological factor. Since 
we wish to determine the student’s 
proficiency in subject matter, it would 
seem that only in rare cases should 
we be concerned with how long he 
takes to demonstrate his proficiency to 
us. It is therefore recommended that 
examinations be given with essentially 
no time limit. By so doing, it would 
be possible to remove the panic re- 


_ sponse and be left with measurement 


of pure proficiency. There are several 
practical ways of doing this. Three 


_ are outlined here: 


1. Establish a large examination 
room under continual scheduled proc- 
torship of a group of assistants. Class 
groups could perhaps have specific 
examination days scheduled for their 
use. The room would be open to use 
throughout the day and the student 
could use it for as long.as he wished. 
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Thus, what is now normally consid- 
ered a one-hour examination could be 
worked on for as long as the student 
would desire, up to, say, eight hours. 
When he hands in his paper, he would 
submit a measurement of what he 
knows. Nervousness, due to time 
limitations, will have been removed 
from the picture. 

We would then be measuring profi- 
ciency, not panic. 

2. If an honor system is in success- 
ful operation at the school, examina- 
tions would best be given as “take- 
home exams” with a couple of days 
allowed for independent work by the 
student under desired specifications of 
“open” or “closed-book,” etc. When 
the student turns in his paper, he is 
reporting only on what he knows and 
the excuse of shortness of time is gone. 

We would then be measuring profi- 
ciency, not panic. 

3. If the details of the above pro- 
cedures make them impractical, the 
recommended scheme would be sim- 
ply to allow very much more time for 
examinations than are now common. 
Three hours should be allowed for a 
current one-hour examination; six for 
a current three-hour exam, etc. 

Measurement would be of profi- 
ciency, not of panic. 


An interesting valuable by-product 
of this system is the disappearance of 
the need for “part credit” for correct 
method and wrong arithmetic. Our 
students can be properly and fairly 
impressed with the fact that an engi- 
neering job that is 90 per cent cor- 
rectly designed may often be a total 
failure. 

It would be splendid for the engi- 
neering profession if the wide-spread 
application of this examination tech- 
nique served to substantially and 
properly decrease the current attrition 
rate. Students’ morale would prob- 
ably climb with the realization that 
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they are being fairly measured for 
what they know. Dishonesty would 
likely decrease sharply with the real- 
ization of “fair” examinations. We evaluation that we are undergoing in EN 
educators would be closer to a valid 
evaluation of the basic understanding 
that our students have acquired and __ this concept. 
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COLLEGE PHYSICS IS TAUGHT 
ON COAST-TO-COAST TV NETWORK 


The facilities of a major television network have been turned 
into a three million square mile classroom for a full credit college 
course in atomic age physics. 

Called Continental Classroom, the program is telecast across the 
country every morning by the owned and affiliate stations of the 
National Broadcasting Company. 

The course is being offered for credit by more than 300 colleges 
and universities and will cover two semesters of physics review— 
from a discussion of experimental method to a lecture on inertial 
guidance systems. It is the first time in the history of television 
that a full year course in any field of education has been offered to 
the general public on a nation-wide basis. 

Conducted by Dr. Harvey E. White, Professor of Physics at the 
University of California at Berkeley and consultant to the Atomic 
Energy Commission, the course started October 6 and will run 
through June 5, 1959. Occasionally during the class year guest 
experts, drawn from the ranks of the nation’s leading physicists, 
will conduct special lectures. 

During the first semester Continental Classroom will stress those 
physical principles necessary for an understanding of atomic and 
nuclear physics: kinematics, light, dynamics, electricity, hydraulics 
and magnetism. In the second semester emphasis will be on 
atomic and nuclear physics. Television lectures will be supple- 
mented by tests administered by the colleges, textbook assignments, 
problem solving and other out-of-class activities. 

In the opening session of Continental Classroom Dr. James R. 
Killian, Jr., Special Assistant to President Eisenhower for Science 
and Technology, called the show “truly a bold experiment in the 
nation’s interest.” 

“We need more and better teachers and students of physics in 
the United States if we are to realize the potential inherent in 
science,” Dr. Killian said as guest on the premiere telecast. 

Continental Classroom is sponsored jointly by NBC, The Ford 
Foundation, the American Association of Colleges for Teacher 
Education and the Fund for the Advancement of Education. 

Participating colleges and universities may utilize the program 
at no cost and may charge regular tuition fees for those registering 
for credit. The AACTE recommends that a minimum of three 
hours of credit be given each semester; however, the amount of 
credit a college or university offers will be determined locally. 
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A SOCIAL SCIENCE-HUMANISTIC COURSE 
WITH A PRACTICAL FOCUS: 
ENGINEERING ETHICS 


RICHARD CONRAD 


Associate Professor of Sociology 
Drexel Institute of Technology 


. science [and technology] needs from time to time, as a necessary 
regulator of its own advance, a labor of ao 3 ag and .. . this 
demands an effort towards unification, . . 


. involving ... ever-vaster 


regions of the world of knowledge.” 


Through a mutual process of chal- 
lenge and response, demand and sup- 
ply, call it what you will, engineering 
has become a significant mediator of 
change in twentieth century society. 
Technological advances have been 
_ nourished by scientific discoveries and 
_ by the progressive perfection of engi- 
neering’s own skills and techniques. 
These advances have been eminently 
suited to the needs of society, which 
has in turn clamored for more and 
more. This process has provided a 
favorable matrix within which engi- 
neering both responds to and modifies 
the social situation. We may say 
that, in an important sense, society 
becomes what engineering allows it 
to become. 

Within the profession this protean 
' growth has led to a condition which 
_ is paradoxical and threatening. The 
_ term “engineer” is now meaningless; 

the engineer as such, in fact, has dis- 

appeared. It is always necessary to 
ask, “What kind of engineer?” The 
field has become so vast, and the tech- 
nical knowledge in each area so great, 
_ that the profession has outgrown the 
_ Scope of individual capacities. The 
_ world of the individual engineer has 
been gradually restricted and con- 
"fined into ever narrower fields of spe- 

" cialization. 

: The history of technology shows a 
_ twentieth century dilemma: while the 
5 gcneineer has been increasing in social 
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José Ortega y Gasset 


influence, he has had to reduce the 
sphere of his work in order to en- 
hance his effectiveness, thus progres- 
sively losing contact with other sci- 
ences and with some of the social 
outcomes of his specialized work. Pro- 
fessional engineering organizations 
have stood valiantly against un- 
checked specialization. They have 
assumed the role of a professional 
conscience in regulating engineering 
education and professional behavior. 
Engineering organizations recognize 
the self-destructive dangers which 
were so eloquently prophesied by 
Ortega y Gasset in 1930: specializa- 
tion has approached a stage where it 
can no longer continue its advance 
unless it recaptures its relatedness to 
the larger parts. This course in engi- 
neering ethics is predicated on just 
this premise. The course introduces 
into professional ethics, a necessary 
regulator, significant insights into an 
ever-vaster region of the world of the 
social sciences and of ethical ideas. 
This paper is a report on the “what,” 
“why” and “how” of an elective course 
in professional ethics for engineering 
seniors. The course has been devel- 
oped and taught by a sociologist in- 
terested in the study of professions 
and of social ethics in industrial so- 
cieties. It was planned in close co- 
operation with a colleague in the 
Department of Civil Engineering, 
Professor Ranald V. Giles, and with 
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the support of the administration. 
The senior year in an engineer's train- 
ing is a propitious period in which to 
consolidate his learning of major so- 
cial science principles and of human- 
istic ideas, conveyed in general edu- 
cation courses, and to view such a 
practical issue as professional ethics 
as part of a larger unit. 

Engineering ethical practices are 
essentially judgments. Technical 
courses prepare engineering students 
for technical judgments. The course 
in professional ethics points at the 
close relationship between technical 
and non-technical judgments as de- 
fined in the codes of engineering so- 
cieties. But what is equally impor- 
tant, this course relates the prescribed 
non-technical judgments to the sci- 
ences of man in an industrial society 
and to ethical theories. In short, the 
raison détre of professional ethics 
must be grasped intellectually before 
they can have professional meaning 
in the life of the future engineer. 


What is the Course About? 


It was relatively easy for an engi- 
neer and a sociologist to produce an 
academic course in engineering ethics. 
The former wanted to persuade sen- 
iors in engineering to think of them- 
selves as professional engineers and 
to interact with others in terms of 
codes established by their societies. 
The sociologist tried to spread aware- 
ness among the next generation of en- 
gineers that professional ethics repre- 
sent a practically sound response by 
engineers to their place in twentieth 
century America. As a logical out- 


come of the two complementary in- 
terests, the elective course was en- 
titled, “Engineering Ethics: A Profes- 
sion’s Response to an Industrial So- 
ciety’s Challenge.” 

This engineering ethics course is 
about moral judgments (ethics ) which 
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affect professional relationships be 
tween an engineer and others. Other 
who are involved in the engineer’s in. 
teraction include colleagues, othe 
professions, employers, clients and the 
public at large. We are starting with 
an immediate issue, the professional- 
ization of engineering, but place this 
specific issue against a broad back 
ground of organized people and of 
belief systems. In short, it can be 
shown that ethics of engineering so 
cieties are not arbitrary but that they 
make sense if seen in a social per- 
spective. 


This background has at least fou | 


discernible dimensions. One of them 
has to do with major problems of 
ethical inquiry and with some con 
temporary ethical solutions. Mem. 
bers of this course explore the ways 
in which engineering ethics deal with 
major ethical issues. 

Another dimension highlights the 
increasing impact of the activities of 
the professional engineer on the s- 
cial structure of work, education, aé- 
ministrative control and social classes 
in industrial communities. Indu 
trially-oriented societies such as in th 
United States have a culturally favor 
able disposition toward profession 
engineers. The engineer, often with 
only partial awareness of his effective 
ness, is becoming a significant agent 
of social change in industrial societies. 
The role of the engineer and the 


cial impact of his work are widening} 


The profession responds to the chal 
lenge with a set of rules which specily 
responsibilities of the engineer towatl 
the public, individual clients, employ 
ers and other professionals. Durit 
the course of instruction the studet! 


will discover that engineering ethio) 
help to make the professional engine! 
a genuinely responsible agent of fre” 
quently unanticipated social change” 
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the sociological world of group rela- 
tionships and cultural belief patterns 
of the engineer. His occupational 
and power position within the eco- 
nomic system of the industrial com- 
munity is also investigated. Engi- 
neering ethics, of course, do not just 
happen. They are part of sweeping 
developments in group relations and 
cultural patterns. Simultaneously, we 
have to watch the reactions of the 
principal actor, the engineer, to the 
developments in his profession. The 
student will be equipped to make so- 
ciological generalizations about his 
profession and to comprehend such 
psychological processes as learning 
and attitude formation in regard to 
the professionalization of engineer- 
ing. This will help the student to 
gauge the sociological adequacy of 
the ethics of his profession and the 
potential effectiveness of the ethics on 
the individual engineer’s action level. 

Finally, a balance sheet of credits 
is drawn up. Ethically sanctioned 
professional behavior by practicing 
engineers and those social-cultural 
forces in American society which op- 
erate to further professionalization 
are listed as credits. Impeding in- 
dividual behavior and social-cultural 
forces are entered on the balance 
sheet as debits. The student will dis- 
cover the undeniable interdependence 
between professionalization and the 
pursuit of ethically approved engi- 
neering behavior. Such an analysis 
places engineering ethics in the con- 


of vital social forces and can contrib- 
ute to guidance of long-term organ- 
izational planning of engineering so- 
cieties in an industrial society. 


Why a Course in Engineering Ethics? 


Academic courses in institutions of 
higher learning come and go. Even 
4 cursory look at course catalogues 


A SOCIAL SCIENCE-HUMANISTIC COURSE 
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covering a few decades reveals amaz- 
ing academic appearance and disap- 
pearance acts. A wholesale approval 
or condemnation of the investments 
in a relatively free market of courses 
conveniently begs some inconvenient 
questions. First, does the content of 
the new course make a potentially 
significant intellectual contribution to 
the professional engineer in an indus- 
trial society? Or, if one restates the 
question more precisely, what signif- 
icant learning does this course stim- 
ulate which others would not likely 
accomplish? Second, suppose I ap- 
prove of the content of this new 
course, can I be relatively sure that 
the content is sound in view of known 
learning principles? 

The potential intellectual signif- 
icance of this course, entitled, “Engi- 
neering Ethics: A Profession’s Re- 
sponse to an Industrial Society’s Chal- 
lenge,” must be pinpointed. As the 
title suggests, the senior engineering 
student faces here course subject mat- 
ter which involves a thesis. It is a 
thesis about his own profession. It 
covers the association of profound so- 
cial organizational changes with basic 
scientific and applied engineering 
changes, the increasing part the pro- 
fession plays as agent of social change 
in industrial societies and the devel- 
opment of a professional conscience 
in the form of engineering ethics. 
In brief, the engineer’s professional 
activities are made relevant to the 
wider world of organizational trends 
and of ethical ideas so that he can 
locate himself in social space and re- 
spond appropriately. 

The thesis about professionalization 
of engineering with its code of ethics 
is tied to social science theories and 
data and to some basic ethical prob- 
lems. While most students will have 
been exposed during their first college 
years to humanistic and social science 
courses, they can review and apply 
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in this senior elective course knowl- data. This course affords students 
edge from these fields to the prac- adventures in discovering relation. 
tical professional issue of engineering ships which had previously appeared 
ethics. to them as disjointed phenomena and 

This course recognizes basic prin- _in discovering the urgency of further 
ciples of learning processes. The __professionalization of engineering with 
meanings of concepts and of social- ~ its code of ethics. Ideally, the pay-of 
cultural phenomena which were _ will consist of intellectual insights jp. 
learned in the humanistic and social __ to basic processes of an industrial so- 
science course can now be compre-_ ciety. Realistically speaking, the stu- 
hended within the context of actual dent coming out of this course is pre- 
professional situations. ‘The senior pared to answer professional ethics 





student of engineering ethics will suc- | questions on the licensing examina- 
ceed in supplanting relatively empty tions. He can also understand the or- 
concepts (e.g. ethics; industrial rev- _ganizational urgency for having codes 
olution; personality; professions; etc.) widely practiced and for the genuine 
with professionally meaningful situa- _ individual and small group resistances 


tions which are part of the total in- _to the code of ethics. 
dustrial situation. The student rec- 
ognizes the urgency for rules of con- 
duct (ethics) for members (personal- 
ities) of engineering (professional) A course in engineering ethics as 
groups. This urgency becomes even seen from our educational vantage 
more apparent as he locates himself point taxes the creative imagination 


How the Course is Conducted 


in the modern mass society( result- of the instructor rather heavily. There 
ing, in part, from the industrial rev- _ are no textbooks available which re 
olution) which values (culture) tech- late pertinent humanistic-social sci- 


nology and individual freedom and ence knowledge to the behavioral 
de-emphasizes responsibility (ethics) code (ethics) of the engineering pro- 
of the individual. fession. This instructor had to rely 
Several years of teaching engineers on his intellectual resources and o 
have convinced this writer that these the generous suggestions and wide 
students can be stimulated to develop experience of his engineering cdl- 
intellectual curiosity. They take to league. 
challenging theoretical discussions As the elective course developed, 
which are buttressed with adequate _ the following outline was used. 


Part I The Significance of the Kind of Decisions which Engineers 
Make 


Topic 1. Engineers and Decision-Making 
Illustrations of Different Types of Decision-Making 
Illustrations Showing the Need for Engineering Ethics 
Topic 2. Engineering Ethics Interpreted as a Profession’s Re- 
sponse to an Industrial Society’s Challenge 


Major Concepts Operationally Defined 
The Meaning of the Challenge—Response Thesis 
Illustrations of the Development of Professional Codes 
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Part II Engineering Ethics as Guides to Professional Decision 
Making 
Topic 3. The Official Version of Engineering Ethics 


History of the Codes 
Areas of Interpersonal Relationships 
Basic Principles Underlying the Code 


Topic 4. Application of Codes to Practical Situations 
Illustrations of Approved Professional Decisions 
Exercises in Decision-Making Problems 


Topic 5. A Philosophical Profile of Engineering Ethics 
Technology is to Basic Science as Ethics is to Philos- 
ophy 
Engineering Ethics and Philosophical Problems 
Engineering Ethics and Contemporary Philosophical 
Ethical Systems 


Part III The Social Matrix of Engineering Ethics 


Topic 6. Only Men are Moral 


Biological and Social Nature of Man 
Man’s Guides to Decision-Making are Relative 
Engineering Ethics Attempt to Insure Moral Decisions 


Topic 7. The Primary Datum of the Social Sciences is Social 
Change 


The Nature of Social Change 
Engineering and Social Change 
Industrial Societies and Problems of Change 


Topic 8. The Engineer’s Organizational Response to Changes in 
an Industrial Society 


Professionalization of Engineers 

Ethics and Professional Organizations 

In-Going and Out-Going Functions of Engineering 
Societies 


Part IV Balance Sheet of the Effectiveness of Engineering Ethics 


Topic 9. Factors Limiting the Effectiveness of Engineering Ethics 


Business Ethics and Engineering Ethics 
Individual Resistances to Engineering Ethics 
Organized Resistances to Engineering Ethics 


Topic 10. Engineering Ethics and the Sane Industrial Society 


The Meaning of the Term “Sane” Industrial Society 
The Social Scientific Adequacy of Engineering Ethics 
The Social-Psychological Significance of Professional 
Ethics for Engineers 
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The use of actual case studies to 
project the urgency of a professional 
code at the beginning of the course 
lends an atmosphere of reality. Case 
material is continuously interspersed 
in the lectures in order to clarify sci- 
entific concepts and ethical theories. 
One-third of the class meetings are 
set aside for class discussion of the 
lectures and of the reading of Ethics 
for Policy Decisions by Wayne A. R. 
Leys. Practical ethical engineering 
problems with their professionally ap- 
proved solutions take up a consider- 
able part of the discussions. Yet the 
student never “loses sight of the role 
his particular subject [professional 
ethics] has within the great perform- 
ance of the tragic-comedy of life. If 
you cannot—in the long run—tell 
everyone what you have been doing 
[and why], your doing has been 
worthless.” (Erwin Schrédinger ) 


Concluding Remarks 


During the last fifty years, indus- 
trial societies have undergone pro- 
found social changes. Engineers are 
playing increasingly the role of 
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change-producing agents. This wid. 
ening role of the contemporary engi- 
neer demands of him a high level of 
technical competence and of social 
wisdom. 

Leaders of engineering societies 
have responded to the challenges of 
industrial societies through the proc. 
ess of professionalization. Training 
requirements are standardized and 
tested. A code of ethics defines the 
social responsibilities which are in- 
volved in the engineer's work. 

The task of professionalization, 
however, meets culturally induced 
and socially organized resistances. 
The engineer who has taken this 
course can with the help of social sci- 
entific insights discover the forces 
which necessitate and block the pro- 
fessionalization process. He will also 
reject a moratorium on moral prin 
ciples and discover in engineering eth- 
ics a practical guide for professional 
decision-making. If successful, this 
course has brought into the focus of 
a practical engineering issue, profes 
sional ethics, some significant social- 
scientific and philosophical ideas. 


CONSTRUCTION EQUIPMENT DISTRIBUTION 
CURRICULUM AT CLARKSON TECH 














Next year Clarkson College of Technology will offer practical 
training in marketing earthmoving and roadbuilding machinery and 
other types of equipment. Dr. William G. Van Note, Clarkson 
President, announced the establishment of a new curriculum in 
“Construction Equipment Distribution” starting September, 1959, 
that will lead to a bachelor of science degree. 

Clarkson officials said that the new curriculum has been set up 
in conjunction with the college’s Department of Industrial Distribu- 
tion, which several years ago pioneered education in that field. In 
the study of construction equipment distribution for interested stu- 
dents, the college will offer courses revolving around the equipment 
itself, soils engineering, transportation and public service facilities, 
construction organization, and, during junior and senior years, 
courses in civil engineering. 
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UNDERSTANDING THE 
ENGINEERING WRITER 


As a sometime technical writer, as 
a full-time English professor, and as 
a practising human being, may I sub- 
mit a protest against the calumny be- 
ing showered on engineers as writers. 
Engineers writing reports are no 
worse than tech writers writing poetry, 
professors writing sports stories, or 
men writing women’s memoirs. Why 
pick on engineers? 

Of all writers, the engineer is most 
deserving of respect and sympathy. 
He is working with materials that 
defy verbalization, for purposes that 
deny his intentions, and for readers 
who at best will be apathetic. Since 
most report readers read them be- 
cause they have to (not want to), we 
can hardly expect them to be sym- 
pathetic. They ought, however, at 
least to try to understand what the 
writer has been up against, what psy- 
chological and logical barriers have 
been overcome. 

In the first place, the material of 
engineering reports is bound to be 
dull by nature. It is accumulated for 
purposes of information rather than 
entertainment. It consists of records, 
of data accumulated often for its own 
sake, frequently to prove that the ac- 
cumulation met a dead end. Yet it 
represents one step of technological 
progress, and in record form may pre- 
vent many a misstep. The engineer 
knows this, but still finds it hard to 
write down the results of a project 
completed yesterday. Writing gives 
the information an aura of perma- 
hence. He, of all people, knows his 
work was obsolete as soon as it was 
completed. ° 
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To compound his misery, he runs 
head-on into critics who insist that he 
give his writing the life and imme- 
diacy of literature or journalism. 
They insist that there is no real differ- 
ence between engineering and other 
kinds of writing, and therefore engi- 
neers should write like Hemingway or 
at least Winchell. But the engineer 
knows he can not write the suggestive 
language of Hemingway or the col- 
loquial style of Winchell without be- 
ing misunderstood. 

If he has read much literature, he 
realizes that its metaphorical content 
bears the bulk of the meaning; that its 
style is suggestive rather than demon- 
strative. The old classic Humpty 
Dumpty is a case in point: Think of 
it in its standard version, then com- 
pare it as it must be presented to a 
technical audience: 


Humpty Dumpty sat on a wall; 
Humpty Dumpty had a great fall; 
All the king’s horses 

And all the king’s men 

Couldn’t put Humpty together again 
Because he was an egg. 


There is the problem. The engineer 
can not risk leaving himself open to 
misinterpretation. 

The difference between engineering 
writing and journalism is at least two- 
fold, with respect to presentation as 
well as audience. A journalist is a 
slave to a narrow column. For that 
reason alone, it is wise for him to use 
short words, short sentences, short 
paragraphs. He is also a slave to a 
narrowly-interested audience, and 
thus must exploit human interest, 
sometimes political and commercial 
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interests. In doing so, he may have 
to sacrifice efficiency and accuracy. 
An engineering writer patterning his 
work after that of a journalist runs the 
risk of professional suicide. 

Candid criticism of engineering 
writing can be very helpful, particu- 
larly since there is no universally ac- 
ceptable standard for guidance. But 
most of the criticism I have read is 
derogatory when not misleading. In 
either case it serves no useful purpose 
for the man who needs it most. Let 
us, then, leave the engineer alone. 
Courage, common sense, and con- 
fidence will do him more good than 
all the sages can. 

Courage will come with under- 
standing. In the planning stages of 
his report, the engineer will realize that 
writing is chiefly a matter of having 
something to say. Perhaps without 
worrying about the apt construction 
of a single, simple sentence, he will 
pinpoint what he is really talking 
about. With a word or two or a sym- 
bol, he will name it and define it, 
analyze and prune it to the parts es- 
sential to his purpose. Then he will 
put those parts into some logical or- 
der, indicating links or transitions as 
he goes. This is a familiar process, 
putting things in their proper places. 
Seeing them all fit together will give 
him courage to work out the detailed 
parts. 

In developing each of the points he 
has chosen to include, his common 
sense will tell him when he has said 
enough or not enough to suit his 
reader. He should be able to judge 
what evidence he will need and 
whether it is sufficient for his purpose. 
This involves understanding his reader 
well, but his common sense has the 
virtue of being common. Thus he can 
imagine what his reader ought to 
know and how much can be taken 
for granted. 

Furthermore, if given half a chance 
his common sense will also tell the 
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engineering writer that his reader has 
to be prepared for what is coming. 
He will put his information into a 
structure that will introduce the sub- 
ject most clearly and easily. He will 
pace his presentation to give only 


‘enough information at a time to in- 


sure understanding as well as reading. 
And he will try every trick in the 
book to make the information easy to 
read, easy to grasp, easy to use: head- 
ings, indentations, illustrations, ap- 
pendixes, etc. There are hundreds of 
books on these subjects from which 
he can choose alternative skills and 
models. But none can substitute for 
the discretion of his common sense. 

Only in the final stages of prepara- 
tion need he worry about the writing 
as writing. Now, with the confidence 
born of having something to say and 
of seeing it take integrated form, the 
engineer can write with conviction. 
A little confidence goes a long way to 
achieving the unity, emphasis, and 
coherence which is the goal of every 
report. With it, the engineer dares to 
test how every part fits in with every 
other part and how they all contribute 
to one chief objective. He dares to 
throw out anything not meeting the 
test of relevance or of precise state- 
ment. He dares also to include am- 
plification when needed, to excise it 
when unnecessary. In short, he is 
master enough of his material to be 
his own best critic. 

We do not, however, expect him to 
be the best critic of his own writing. 
That is difficult even for the profes- 
sional writer, who must employ a 
agent to screen his literary output or 
editors to screen his technical output 
It is enough if the engineer says what 
he has to say, all that has to be said 
about it, and in a way that shows he 
knows what he is talking about. Itis 
the mark of a professional man that 


he also presents his information in 4} 
dignified and formal package of ar| 
ticulated, organized, accurate com 
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munication. And if he has taken the 
trouble to use standard mechanics, in- 
cluding understandable spelling and 
punctuation, he has demonstrated 
courtesy. What more can we ask than 
that he mean what he says and say 
what he means, with accuracy, brev- 
ity, and courtesy? 

I have said nothing here about that 
happy hunting ground, the engineer’s 


language—if by language we mean the 
words he uses. The reason is simple. 
My assumption is that left alone, he 
will have confidence enough to trans- 
late simple things into simple words, 
complex things into words appropriate 
to his subject, reader, purpose. Gob- 
bledegook, let us remember, was a 
term coined in politics, not engineer- 
ing. Engineers are people. 





UNITED ENGINEERING TRUSTEES 


Andrew Fletcher, President of St. Joseph Lead Company, on 
October 28 assumed the additional responsibilities of President of 
United Engineering Trustees, Inc. 

United Engineering Trustees, Inc. was incorporated in 1904 for 
the purpose of advancing the engineering arts and sciences. Its 
Board is composed of three representatives from each of the five 
professional societies representing the major branches of engineer- 
ing—mechanical, civil, electrical, mining, and chemical. Among 
other activities, the Corporation directs the research programs of the 
Engineering Foundation, which is financed by a fund of over $2,000,- 
000, and also acts in a fiduciary capacity for a large number of joint 
activities of the major engineering societies. 

United Engineering Trustees, Inc. has purchased the block front 
between 47th and 48th Streets on the United Nations Plaza for the 
construction of a 20-story Engineering Center, the cost of which is 
roughly estimated at $10,000,000. Their present home on West 
39th Street will be sold, and the Engineering Societies Library will 
move into the new Center; there the Library can greatly expand the 
services that have already made it one of the finest public engineer- 
ing libraries in the country, if not in the world. 

In order to bring the benefits of centralized activities in the new 
Engineering Center to as widespread a group of engineers as pos- 
sible, the five societies of United Engineering Trustees have ex- 
tended invitations to other engineering societies to unite with them 
in using the new facilities as their headquarters. The new Center 
will include, in addition to headquarters office space for each group, 
such facilities as a cafeteria, dining rooms, meeting rooms, and a 
large memorial hall, suitable for group meetings or for major exhibi- 
tions of technical progress. 

Mr. Fletcher succeeds Walter J. Barrett of New Jersey Bell 
Telephone Company who has been President of UET since 1955 and 
who is also the retiring President of the American Institute of 
Electrical Engineers. 

Other officers elected by UET are: George W. Burpee and 
Willis F. Thompson, Vice Presidents, Charles B. Molineaux, Treas- 
urer, and Steven W. Marras, Secretary-General Manager. 


OF ENGINEERING 


In 1855, Mr. B. F. Greene, Director 
at Rensselaer, made a study of meth- 
ods and programs used in European 
engineering institutions. In his pub- 
lished report, entitled The True Idea 
of a Polytechnic Institute, Mr. Greene 
outlined the need of broadening stud- 
ies in the social sciences and human- 
ities. Down through the years other 
studies of engineering curricula have 
reaffirmed this need, the most recent 
being the so-called Grinter Report of 
June 15, 1955, prepared for ASEE. 
This report suggests that about 20 per 
cent of an accredited curriculum be 
devoted to studies in the social sci- 
ences and humanities. 

The past decade has brought forth 
many new advances in science and 
engineering. These have put an ad- 
ditional strain on existing engineering 
curricula to include work in new areas 
of development. Thus, with these 
two pressures acting upon the engi- 
neering educators, many schools have 
undertaken a study to re-evaluate 
some of the conventional course work 
with the intent of including some of 
these advances in engineering. Since 
the engineer has to be first of all tech- 
nically competent in his particular 
area of specialization, the time al- 
lotted for his social-humanistic course 
work becomes somewhat restricted. 

No doubt most engineers feel that 
an engineering student should receive 
some formal course work in the so- 
cial-humanistic area. The competi- 


tion for space in the engineering cur- 
riculum is so acute, however, that per- 
haps a re-evaluation of some of the 
traditional courses in the social-hu- 
manistic area is in order to satisfy 
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the needs of the engineering student, 
The particular area to be discussed 
here is that of history courses. 

If the engineer is to be a true pro- 
fessional, he should be aware of the 
heritage of his profession. There is 
no better way to do this than by 
studying history, but two problems 
present themselves when we consider 
taking many of the traditional courses 
now being offered. One of these is 
that several courses in history are re- 
quired before a student can fully ap- 
preciate the importance of studying 
history; the other is that many tradi- 
tional courses now offered stress the 
social and political developments and 
neglect developments in science and 
engineering. To overcome these con- 
tradictions, the engineering student 
should have available to him a course 
in the history of engineering. 

At the University of Illinois sucha 
course has been offered in its present 
form since 1953. The course is a 
elective in most curricula and has met 
with considerable favor by the stv- 
dents. It is offered at the junior and 
senior level so that the students ca 
properly understand some of the de 
velopments in engineering that ar 
being studied in the advanced under 
graduate engineering courses. 


Course Content 


First let us consider the cours 
content and how it is developed. bh 
addition to the study of engineering 
developments, those in religion, gov 
ernment, and economics are discus 
simultaneously so that an understané: 


ing of how they react upon one at) 
other can be obtained. The courses) 
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divided into major historical periods 
and each is studied from the above- 
mentioned viewpoint. These major 
time divisions, with some of the sub- 
titles covered, are as follows: 


A Typical Outline of 
Subject Matter Used 


I. Discussion of Pre-Historic Era (be- 
fore 3000 B.C.) 

Study of early stone age cultures—sig- 
nificance of climate—early magic and 
religion—water transportation—utiliza- 
tion of tools—urbanization—domestica- 
tion of animals—irrigation canals and 
water reservoirs—discovery of copper 
-invention of the wheel—early temple 
construction. 


I. Ancient Empires (3000-1200 B.C.) 
Study of the cultures in Sumer, Egypt, 
India, and Crete—development of 
mathematics—developments in cunei- 
form script and hieroglyphic script— 
impact of religion in building of tem- 
ples and pyramids—production of an 
agricultural surplus—economic devel- 
opment with extension of trade—use of 
bronze, wood, and stone—development 
of surveying—development of calendar 
~increased urbanization—improved ir- 
rigation works. 


Ill. The Iron Age (1200-600 B.C.) 
The decline of the ancient empires— 
the use of iron—decentralization of 
government—decline of engineering 
works—evolution of pre-Greek cul- 
tures. 


IV. The Age of the Greeks (600-200 
B.C.) 

The rise of the Persians—Xerxes’ pon- 
toon bridge—Darius’ canal—the Ionic 
thinkers — Socrates — Plato — Aristotle — 
Archimedes—Alexander the Great—de- 
ductive reasoning—influence of slavery 
—developments in democratic govern- 
ment—astrology—medicine—mathemat- 
ics—cultural art—public buildings—har- 
bor construction—extensive trade— 
Alexandrian scientists—astronomy— 
basic mechanics. 
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V. The Roman Influence (509 B.C.—476 


A.D.) 

Etruscans—strong army—strong central 
government—roads for good communi- 
cation—aqueducts and water supply— 
bridges—Vitruvius—war engines—min- 
ing—cumbersome numbering system— 
coming of Christianity—Pax Romana— 
natural cement—home heating—Colos- 
seum—Pantheon. 


VI. The Middle Ages (400-1200 A.D.) 


The Byzantine and Carolingian Em- 
pires—Justinian and his engineering 
works—Arabian scientists—power de- 
velopment by the Arabs—Muslim Em- 
pire—Arabian advances in mathemat- 
ics—developments in paper, textile, 
pottery, chemistry, and medicine— 
feudal system in Europe—medieval sci- 
ence—Crusaders. 


VII. The Beginning of the Renaissance 


(1200-1500 A.D.) 

Establishment of universities—Albertus 
Magnus—Friar Roger Bacon— begin- 
ning of inductive reasoning—military 
engineering—influence of religion on 
science—development of Gothic cathe- 
dral—developments in power—gun- 
powder—increased trade—use of textile 
industry—impact of printing—chemical 
technology—Holy Roman Empire—dis- 
appearance of slavery. 


VIII. The Renaissance (1500-1750 


A.D.) 

Early scientists, da Vinci, Copernicus, 
Francis Bacon, Galileo, Torricelli—sci- 
entific societies—French road building 
engineers—patent laws—canals—wind- 
mills—water wheels—mining—De Re 
Metallica—need for capital—domestic 
svstem—power of the press—coloniza- 
tion—reforms in government—profes- 
sional status for engineer—increased 
trade—enclosure acts. 


IX. Industrial Revolution in England 


(1750-1830 A.D.) 


Power demands—steam engine—de- 


mand for coal and iron—improvements 
in metallurgy—beginning of factory 
system—coal tar chemicals—mechaniza- 
tion of industry—machine tool industry 
—road and canal construction—rail- 
roads in England—joint stock compa- 
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XIII. The 





nies—slums—Malthusian theory—Adam 
Smith—expansion of merchantile sys- 
tem— government legislation—child la- 
bor—water rights—increased urbaniza- 
tion—John Smeaton and other engi- 
neers. 


X. Early American Engineering Con- 


tributions (1600-1830 A.D.) 
London Company—Plymouth Company 
—agricultural south—industrial north— 
early men of science and engineering: 
Franklin, Washington, Jefferson—Rev- 
olutionary War engineering develop- 
ments—Eli Whitney and mass produc- 
tion—steamboats—early canals—Oliver 
Evans—Pennsylvania rifle—Yankee in- 
genuity—slavery—independent _ spirit— 
use of textile industry—Louisiana Pur- 
chase. 


XI. Age of Expansion (1830-1865) 
Railroad development—mechanization 
of agriculture—labor shortage--discov- 
ery of electricity—Samuel F. B. Morse 
and telegraphy—Civil War technology 
—developments in bridge design—gold 
in California—scientific agriculture— 
beginning of engineering education— 
installment buying—Land Grant Act— 
standardization—Westinghouse air 
brake—electro-magnets—electric motors 
—“Drake’s Folly”"—sewing machine— 
Charles Goodyear. 


XII. Age of Electricity and Steel (1865- 
1910) 

Development of the telephone—devel- 
opments in radio—electric lighting— 
power generation—power distribution 
—internal combustion engine—automo- 
bile development—diesel engine—fly- 
ing machines—steel production—steel 
bridge construction—expansion of rail- 
roads—Suez Canal—food processing— 
mining and metallurgy—oil industry— 
Panic of 1873—corporations—trusts— 
legislation—international technical ex- 
hibitions—labor strikes. 


Age of Mass Production 


(1910—Present) 
Henry Ford and the moving assembly 
line—improvements in the automobile— 
World War I technology—communica- 
tions-AM and FM-—television—com- 
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mercial air lines—diesel electric locomo. 
tives—hydroelectric power—steam tur. 
bines— metallurgy — plastics — synthetic 
materials—World War II technology- 
atomic power—automation—space. 


Factors controlling the economic well. 
being of a nation, inventions, popula 
tion, natural resources, economic or- 
ganization, effect of engineering upon 
the industrialist—effect upon labor—ef. 
fect upon the farmer—urbanization- 
standard of living—wars—government- 
research—legislation—education—high- 
ways—atomic power. 


During the course of the semester, 
appropriate slides are shown cover- 
ing some of the engineering works of 
past centuries. Some of the typical 
works shown are Egyptian architec. 
ture, Sumerian irrigation works, Greek 
architecture, Roman roads and bridges, 
Roman aqueducts, French roads and 
canals, British steam engines, early 
textile machines, and other typical en- 
gineering developments. Each stv. 
dent is required to deliver a twenty 
minute talk upon some phase of er 
gineering history that would normally 
be discussed in class, such as the con- 
tributions to science by the Greeks, 
or the contributions to engineering by 
Leonardo da Vinci. This arrange- 
ment has proven itself to be ver 
workable since no additional time is 
allocated for talks because the talk 
are about typical class discussion ma- 
terial. The three hour-exams and the 
final examination are made up of é& 


say, discussion-type questions. This | 


again provides a diversion for the stv- 
dent, since most of the exercises he 


does in his technical subjects are | 


an objective or problem solution 1 
ture. 


One of the problems that present| 


itself in offering a course of this typ 


is that of a suitable text, because the| 
subject matter covered is so broad| 


and diversified. The writer has pre 
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pared an outline’ that serves as a 
guide to the student in his reading. 
There are also several paperback 
books? that are used as texts, and 
outside reading is assigned at the li- 
brary. In some of the areas, there is 
considerable book material; for other 
aspects the material is limited. Much 
has appeared in current professional, 
scientific as well as popular magazines 
along these lines, and this material is 
also suggested for reading. 


The Instructor 


In some areas, the question may 
arise as to who should have the re- 
sponsibility for teaching such a 
course; the writer feels that this 
should be a member of the engineer- 
ing faculty. Of course, the person 
who undertakes this task has a con- 
siderable amount of self-study and 
preparation to do before he becomes 
qualified. The engineering back- 
ground is essential so that proper 
emphasis can be placed upon the sig- 
nificant scientific and engineering de- 
velopments that have occurred in the 
past and relate them with current en- 
gineering practices. 


1A General Outline of Engineering His- 
tory and Western Civilization, Jerry S. 
Dobrovolny, Stipes Publishing Co., Cham- 
paign, Illinois, 1958. 

2What Happened in History, Gordon 
Childe, Penguin Books, Ltd., Harmonds- 
worth-Middlesex, England, 1942. The Anvil 
of Civilization, Leonard Cottrell, Mentor 
Books, New York, 1957. On Understanding 
Science, James B. Conant, Mentor Books, 
New York, 1951. Machines That Build 
America, Roger Burlingame, Charles Scrib- 
ner’s Sons, New York, 1938. 
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It would be difficult if not impos- 
sible for a non-engineer to explain 
such developments as the evolution of 
bridge design or the engineering prob- 
lems encountered in developing the 
steam engine in terms familiar to the 
engineering student. The last decade 
has produced a considerable number 
of books covering the information in 
the aforementioned outline. An engi- 
neering staff member preparing him- 
self for teaching a course in the his- 
tory of engineering would have to 
read as a start about twenty of the 
books written covering the subject 
matter as well as some of the excel- 
lent articles appearing in such mag- 
azines as the Scientific American. 

The writer finds that when the stu- 
dents are given the proper background 
they take a genuine interest in finding 
out why such names as Darius, Leu- 
kippos, Socrates, Plato, Vitruvius, 
Roger Bacon, da Vinci, and Galileo 
are famous. Emphasis is placed upon 
the major historical developments and 
scientific concepts that have evolved 
throughout our western way of life, 
rather than requiring a strict memor- 
ization of chronological names, dates, 
and places. This type of course not 
only exposes the engineering student 
to a broad survey of history, but it 
also develops an understanding of his 
profession. As a result, many stu- 
dents look with favor upon taking 
additional work in the social-human- 
istic area of study so that they can 
obtain some of the more detailed parts 
of the subject matter opened up in 
the History of Engineering. 


ASEE ANNUAL MEETING 
PITTSBURGH, JUNE 15-19, 1959 





TEACHING POSITIONS AVAILABLE 


ENGINEERING POSITION OPEN— 
Ph.D. teaching on college level in Eng- 
lish 1959-60. Subjects: Engineering 
mechanics, fluid mechanics, heat transfer, 
metallurgy. Salary $6,000-$7,000 plus 
travel. Apply to Dean, Al-Hikma Uni- 
versity of Baghdad, Box 260, Baghdad, 
Iraq. 


INSTRUCTOR OR ASSISTANT PRO- 
fessor in Civil Engineering beginning 
Sept. 1959 to teach basic undergraduate 
courses. B.S. acceptable for Instructor- 
ship; M.S. necessary for Assistant Profes- 
sorship. Apply to Lt. Col. L. K. Himel- 
right, Head, Dept. of Civil Engineering, 
The Citadel, Charleston, S. C. 


ELECTRICAL ENGINEERING. ACA- 
demic rank and salary open. Opportu- 
nity to join and contribute to the devel- 
opment of a recently formed, growing 
department. Write R. A. Herring, Jr., 
Head, Electrical Engineering Depart- 
ment, University of Mississippi, Univer- 
sity, Mississippi. 


ASSISTANT OR ASSOCIATE PRO- 
fessor. Will be responsible for courses 
in the aeronautics option including aero- 
dynamics and airplane performance. 
Starting fall term 1959. Industrial ex- 
perience and master’s degree preferred. 
Department of Mechanical Engineering, 
Oregon State College, Corvallis, Oregon. 


UNIVERSITY OF SASKATCHEWAN, 
Saskatoon, Canada, invited applications 
for posts as Assistant or Associate Profes- 
sor of Mechanical Engineering (min- 
imum salary $6,100 per year) and In- 
structor of Mechanical Engineering (min- 
imum salary $4,800 per year). One 
professorship is to be filled by a Mechan- 
ical or Metallurgical Engineer with an 
advanced degree to teach properties of 
metals and metallography and to direct 
research in this area. Another Professor- 
ship is to be filled by a Mechanical En- 
gineer with an advanced degree and 
having experience in one of the follow- 





ing fields: (a) thermal power generation, 
(b) manufacture and production of 


’ steam or gas turbines, (c) atomic power 


generation, or (d) industrial manage. 
ment. He would be expected to teach 
undergraduate thermodynamics and to 
teach a graduate class and direct re. 
search in his specialty. Two positions as 
instructors are open, requiring Mechan- 
ical Engineering graduates with ad- 
vanced degrees. Applications, with full 
particulars, should be sent to Head, Dept. 
of Mechanical Engineering, University of 
Saskatchewan, Saskatoon, Sask., Canada. 


MECHANICAL ENGINEERING IN. 
structor or assistant professor to teach in 
the area of machine design and mechan- 
ics. M.S. degree desirable but an in- 
structor working towards his advanced 
degree considered. Salary and rank de- 
pendent on experience. Graduate studies 
and consulting opportunities available 
and encouraged. Write Joseph Modrey, 
Head of Department of Mechanical En- 
gineering, Union College, Schenectady, 
N. Y. 


MACHINE DESIGN: ASSISTANT OR 
Associate Professor in Mechanical Engi- 
neering. Newly established department 
offers opportunity to develop a machine 
design program. M.S. with some exper- 
ence preferred. Salary competitive on 9 
month basis. Write Department of Me 
chanical Engineering, Utah State Uni- 
versity, Logan, Utah. 


ELECTRICAL ENGINEERING -— AS 
sistant or Associate Professor. Master’ 
Degree required, Ph.D. desirable. Rank 
and salary commensurate with qualifica 


tions and experience. Old established | 
Southern University, with expanding) 


School of Engineering. Undergraduate 
and Graduate teaching, with opportunity 
for directing graduate and research work 
for right man. Write to Dean, Schod 


Charlottesville, Virginia. 


Jrl. Eng. Ed., V. 49, No. 7, March 198)” 





Mar., 





ASS] 
fesso 
requ. 
tinuil 
celle 
rapid 
Appl 
trical 
sity; 





ASS’ 
Engr 
stress 
stron; 
velop 
teach 
to S. 

Dept. 


AER 
Appli 
perm: 
of Ae 
versit 
positi 
The « 
perso 
if he 
a suc 
consu. 
both ¢ 
earnec 
sense 

to dev 
in his 
qualifi 
month 
tenure 
contril 
suranc 
Colgar 
Aeron: 
1461, 


MECE 
partme 
modyn 
and n 
equiva 
desirab 
upon ft 
Head, 


> ment, | 
of Engineering, University of Virginia) 


Rouge, 











yeneration, 
uction of 
mic power 
| manage- 
1 to teach 
cs and to | 
direct re- 

yositions as | 
x Mechan- | 
with ad- 
;; with full 
lead, Dept. 
niversity of 
<., Canada. 





RING _IN- 
to teach in 
1d mechan- 
but an in- 
; advanced 
id rank de- 
1ate studies 
; available 
oh Modrey, 
hanical En- 
chenectady, 


STANT OR 
nical Engi- 
department 
. a machine 
ome expeti- 
etitive on 9 
nent of Me 
State Uni- 


RING — AS 
r. Masters 
able. Rank 
th qualific 
established | 
expanding | 
\dergraduate 
opportunity | 
search work 
Yean, Sch 


of Virginia, 


. 7, March 198 





Mar., 1959 


ASSISTANT OR ASSOCIATE PRO- 
fessor of Electrical Engineering. M.S. 
required, Ph.D. or definite plans for con- 
tinuing towards the Ph.D. desirable. Ex- 
cellent opportunity for participation in 
rapidly expanding graduate program. 
Apply to: Head, Department of Elec- 
trical Engineering; Wayne State Univer- 
sity; Detroit 2, Michigan. 


ASST. OR ASSOC. PROF. IN MECH. 
Engrg. Special emphasis on vibrations, 
stress analysis and dynamics. Must have 
strong interest and competence in de- 
veloping laboratories. Master's degree; 
teaching and industrial experience. Write 
to S. Brooks Walton, head, Mech. Engrg. 
Dept., San Jose College, San Jose, Calif. 


AERONAUTICAL ENGINEERING: 
Applications are being received for two 
permanent positions in the Department 
of Aeronautical Engineering at the Uni- 
versity of Alabama. Applicants for one 
position should have advanced degrees. 
The other opening could be filled by a 
person holding only a Bachelor’s degree 
if he were to show promise of becoming 
a successful teacher. Opportunities for 
consulting and research are available; 
both are encouraged. A person who has 
eamed a Ph.D. within recent years would 
sense an unusually attractive opportunity 
to develop a graduate program and teach 
in his chosen field. Salaries depend on 
qualifications—up to $9,000 for nine 
months for a professor. Usual academic 
tenure regulations apply; the University 
contributes toward retirement and _ in- 
surance. Please address inquiries to: 
Colgan H. Bryan, Head, Department of 
Aeronautical Engineering, P. O. Box 
1461, University, Alabama. 


MECHANICAL ENGINEERING DE- 
partment needs additional staff for Ther- 
modynamics, heat transfer, metallurgy 
and machine design, M.S., Ph.D. or 
equivalent required. Interest in research 
desirable. Rank and salary dependent 
upon training and experience. Apply, 


_ Head, Mechanical Engineering Depart- 
» ment, Louisiana State University, Baton 
Rouge, Louisiana. 


TEACHING POSITIONS AVAILABLE 
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POSITIONS AVAILABLE FOR QUAL- 
ified physicist with Ph.D. and some 
teaching experience. For further de- 
tails, write to the Department of Engi- 
neering Physics, University of Louisville, 
Louisville, Kentucky. 


ASSOCIATE PROFESSOR OF ELEC- 
trical Engineering—to teach and super- 
vise research in Division of Engineering 
Research and Development effective 
September, 1959. Ten month basis. 
Ph.D. required or essentially completed. 
Write Head, Department of Electrical 
Engineering, University of Rhode Island, 
Kingston, Rhode Island. 


CIVIL ENGINEERING STAFF POSI- 
tion in Sanitary and Hydraulic area. 
Open only to engineer with M.S. degree. 
Teaching and industrial experience de- 
sirable but not essential. Apply to W. 
W. Lorell, Head, Department of Civil 
Engineering, San Jose State College, San 
Jose, California. 


ELECTRICAL ENGINEERING DE- 
partment Head. Excellent opportunity 
available for young teacher with Ph.D. 
Should have teaching and industrial ex- 
perience. College located in San Fran- 
cisco Bay Area, electronics industry re- 
search, development and manufacturing 
center. Academic rank and salary open. 
Write to N. O. Gunderson, Head, Divi- 
sion of Engineering, San Jose State Col- 
lege, San Jose 14, California. 


PROFESSORS OR ASSOCIATES IN 
Civil, Electrical and Mechanical. Ph.D. 
required. Eleven months contracts. 
Resume to Dean Engineering, University 
of Santa Clara, Santa Clara, California. 


TEACHING POSITION: ASSISTANT 
Professor to teach undergraduate courses 
in fluid mechanics and related fields. 
M.S. degree required, teaching or in- 
dustrial experience desirable. Write to 
Chairman, Department of Engineering, 
Fresno State College, Fresno 26, Cali- 
fornia. 








“Engineering is the Profession in 
which a knowledge of the mathe- 
matical and physical sciences gained 
by study, experience and practice is 
applied with judgment to develop 
ways to utilize, economically, the ma- 
terials and forces of nature for the 
progressive well-being of mankind.” 


Explanations 


1. Engineering is defined as a pro- 
fession—thereby grouping it with the 
other so-called learned groups in the 
community, such as medicine and law. 

2. The idea of knowledge is in- 
cluded in the definition because it is 
felt that it is knowledge that distin- 
guishes a profession and that it is 
knowledge which the professional ap- 
plies in the accomplishment of his 
objective. 

3. The scope of the knowledge pe- 
culiar to engineering has been limited 
to the realms of the mathematical and 
physical sciences to distinguish from 
medical or psychological sciences, for 
example. The physical sciences in- 
clude such items as chemistry, elec- 
tronics, strength of materials, biology, 
geology, etc. 





JUNIOR ENGINEERS AT MONTANA STATE 


Another Junior Enginers’ and Scientists’ Summer Institute is 
scheduled for the Montana State College campus, June 7-20 of 1959, 
reports James Cusick, faculty coordinator for the event. 

JESSI is a two week course designed as an “eye-opener” for high 
school juniors and seniors. Its purpose is to point out to the stu- 
dents the opportunities and requirements in the fields of engineering 


and science. 


The session is sponsored by the Scientists of Tomorrow organiza- 
tion and MSC. Additional information will be released early in 


1959. 


DEFINITION OF ENGINEERING 


For several years the Recognition Committee of ECPD has been working 
on a definition of engineering. At its 26th Annual Meeting ECPD voted 
“to adopt the tentative definition (as given below) for dissemination.” 
Comments are solicited and should be sent to G. H. O'Sullivan, J, L, 
White Engineering Corporation, 80 Broad Street, New York 4, New York, 
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4. Study, experience, and practice 
are enumerated because these are the 
items by which an engineer is judged 
and which he must, in fact, prove if 
he is to be accepted as a professional 
by any legal jurisdiction. 

5. The idea of judgment is included 
in the definition in part to comply with 
the suggestions which a number of 
critics have offered, namely, that eco- 
nomics is a sufficiently important phase 
of engineering activity to justify its in- 
clusion specifically in the definition. 
Whether or not a matter is economical 
is usually a matter of judgment. I 
addition, many engineering decisions 
are made in areas not subject to spe 
cific and accurate analysis. 

6. The words from “to utilize ../ 
are extended to convey, first, that eco- 
nomics is a primary consideration in 
all engineering, and second, that the 


engineer’s tools are the resources of | 


nature and his aim to improve huma 
welfare. Thus these words cover the 
objectives of the engineer as well a 
his mode of operation. The use o 
materials and forces which are new a 
not well known is not excluded. 
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ECPD ACCREDITATION 





A revised statement on “Additional Criteria” was approved at the 1958 
annual meeting of the Engineer’s Council for Professional Development. 
This article gives the original basis for accreditation and then the revised 
statement, because the two must be together for a complete understanding. 


Basis for Accrediting 
Engineering Curricula 


The following statement, proposed 
by the Committee on Engineering 
Schools, and approved by Council, 
October 10, 1933, and by the constitu- 
ent member organizations, embodies 
the principles in accordance with 
which accrediting is conducted. 


I. Purpose of accrediting shall be to 
identify those institutions which offer 
professional curricula in engineering 
worthy of recognition as such. 

II. Accrediting shall apply only to 
those curricula which lead to degrees. 

III. Both undergraduate and grad- 
uate curricula shall be accredited. 
(Accrediting program at present ap- 
plies only to curricula leading to first 
degrees in engineering. ) 

IV. Curricula in each institution 
shall be accredited individually. For 
this purpose, ECPD will recognize the 
six major curricula—chemical, civil, 
electrical, mechanical, metallurgical, 
and mining engineering—represented 
in its own organization, and such other 
curricula as are warranted by the edu- 
cational and professional conditions 
pertaining to them. 

V. Curricula shall be accredited on 
the basis of both qualitative and quan- 
titative criteria. 

VI. Qualitative criteria shall be 
evaluated through visits of inspection 
by a committee or committees of qual- 
ified individuals representing ECPD. 

VII. Quantitative criteria shall be 
evaluated through data secured from 
catalogs and other publications, from 
questionnaires, and by verification by 
the visiting committee. 





VIII. Qualitative criteria shall in- 
clude the following: 


(1) The extent to which the cur- 


riculum develops the distin- 
guishing characteristic of the 
engineer—ability to design, rec- 
ognized in its broadest sense by 
the committee to be the “abil- 
ity to apply creatively scientific 
principles to design or develop 
structures, machines, apparatus, 
or manufacturing processes, or 
works utilizing them singly or 
in combination; or to construct 
or operate the same with full 
cognizance of their design, and 
of the limitations of behavior 
imposed by such design; or to 
forecast their behavior under 
specific operating conditions; 
all as respects an intended 
function, economics of opera- 
tion, and safety to life and 
property.” This definition forms 
part of the committee’s state- 
ment, “Differentiating Charac- 
teristics of an Engineering Cur- 
riculum.” 


(2) Qualifications, experience, in- 


tellectual interests, attainments, 
and professional productivity 
of members of the faculty. 


(3) Standards and quality of in- 


struction: 

(a) In the engineering depart- 
ments. 

(b) In the scientific and other 
co-operating departments 
in which engineering stu- 
dents receive instruction. 


(4) Progression of courses and the 


manner in which fundamental 
scientific training of the earlier 
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years is carried into the teach- 
ing of the later engineering 
courses. 

(5) Scholastic work of students. 

(6) Records of graduates both in 
graduate study and in practice. 

(7) Attitude and policy of admin- 
istration toward its engineering 
division and toward teaching, 
research, and scholarly produc- 
tion. 


IX. Quantitative criteria shall in- 
clude the following: 


(1) Auspices, control, and organ- 
ization of the institution and of 
the engineering division. 

(2) Curricula offered and degrees 
conferred. 

(3) Age of the institution and of 
the individual curricula. 

(4) Basis of and requirements for 
admission of students. 

(5) Number of students enrolled: 


(a) In the engineering college 
or division as a whole. 
(b) In the individual curricula. 


(6) Graduation requirements. 

(7) Teaching staff and teaching 
loads. 

(8) Physical facilities—the educa- 
tional plant devoted to engi- 
neering education. 

(9) Finances: investments, expend- 
itures, sources of income. 


Additional Criteria 
(revised October 1958) 


To assist in the identification and 
recognition for accreditational pur- 
poses of those curricula mentioned 
above, Council adopted Additional 
Criteria on October 14, 1955. These 
have proved helpful both to ECPD 
and to the engineering schools. How- 
ever, experience has shown a tendency 
toward a rigidity of interpretation by 
schools much beyond that intended by 
ECPD. This revision aims to convey 
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the intended meaning more accu- 
rately, especially concerning the engi- 
neering sciences. It is to be empha- 
sized that ECPD desires to encourage 
new developments and experimenta- 
tion, as well as to assist those desiring 
guidance in achieving good and ac- 
ceptable standards. 

The criteria below include state- 
ments concerning basic and engineer- 
ing sciences. Basic sciences include 
mathematics, physics and chemistry 
as well as such fields as geology and 
biology. In basic sciences the objec- 
tive is the establishment of fundamen- 
tal knowledge about nature and its phe- 
nomena, preferably including quanti- 
tative expression. 

Engineering sciences have _ their 
roots in basic sciences, but carry 
knowledge further toward applicabil- 
ity. When a basic science proves per- 
tinent to an engineering application, 
there develops a corresponding engi- 
neering science to bridge between the 
basic science and engineering. Engi- 
neering sciences delve into the more 
practical or engineering-type situa- 
tions, illuminate these with logical rea- 
soning based upon the fundamental 
laws and generic principles of basic 
sciences, and lead into the statement 
of and methods of solution for prob- 
lems fundamental in _ engineering 
analysis, design, and synthesis. Ful- 
ler discussion of basic and engineer- 
ing sciences and their role in under- 
graduate engineering education will 
be found in reports of The American 
Society for Engineering Education: * 


1. An engineering curriculum ac- 
ceptable to ECPD will normally be 
characterized by: 


a. At least the equivalent of one 
academic year of basic sciences, 


* Particularly: 1. Report of the Commit- 
tee on the Evaluation of Engineering Educa- 
tion, June 15, 1955; and 2. Report of the 
Committee on Engineering Sciences, 1958. 
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ECPD ACCREDITATION 


about half of which is mathemat- 
ics beyond trigonometry. 


. At least the equivalent of approx- 


imately one year of engineering 
sciences. These should provide 
breadth of coverage and should 
not be limited to those having ap- 
parent specific relevance to the 
major field. Also recognition 
should be given to the emergence 
of new engineering sciences. Be- 
cause of the merging of bound- 
aries between the basic and en- 
gineering sciences, greater sig- 
nificance is attached to the depth 
and breadth of coverage in, and 
to the total curricula attention to, 
both of these areas than to the 
precise division between them. 


. At least the equivalent of ap- 


proximately one-half of an aca- 
demic year devoted to engineer- 
ing analysis, design and engineer- 
ing systems. 


. Design of the curriculum for an 


integrated sequential study of the 
scientific and engineering area, 
including both theory and the ex- 
perimental method. Mathemat- 
ics and basic sciences should be 
used effectively in the work in 
engineering analysis, in the study 
of engineering systems, and in 
the preparation for creative de- 
sign. 


. Depending upon the definition 


of humanistic-social studies, the 
equivalent of one-half year to one 
full year as the minimum con- 
tent, in the area of humanistic- 
social studies. Of this content, 
at least one-half year should be 
selected from such fields as his- 
tory, economics, government, lit- 
erature, sociology, philosophy, 
psychology, or fine arts, and 
should not include such courses 
as accounting, industrial manage- 
ment, finance, personnel admin- 
istration or ROTC. 


627 


2. To achieve an integrated and 
well-rounded undergraduate engineer- 
ing curriculum meeting the criteria of 
Section 1 requires at least four full 
academic years. The pressures on 
four-year engineering curricula for 
strengthening the scientific approach 
to engineering and the social-human- 
istic content make it necessary that 
neither inadequate admission require- 
ments nor additional academic objec- 
tives be allowed to compromise the 
standards inherent in these criteria. 
The engineering student taking an ad- 
ditional program in a field such as 
business, law, education, and advanced 
military science, is in effect pursuing 
two curricula with separate and dif- 
ferent professional requirements and 
objectives. A realistic view recognizes 
that such dual-purpose programs re- 
quire more than the normal four aca- 
demic years. However, reasonable 
provision may be made for including 
in the four years of the engineering 
degree requirements a limited portion 
of such an additional program. Prac- 
tical experience indicates that the to- 
tal of this portion should not exceed 
the equivalent of one-sixth of one aca- 
demic year. 

3. These criteria have as their ob- 
ject the assurance of an adequate 
foundation in science, humanities, en- 
gineering science, and introduction to 
engineering method while providing 
sufficient flexibility in science require- 
ments to accommodate curricula re- 
quiring special backgrounds, such as 
life science or earth science. They 
also provide substantial flexibility for 
expression of the institution’s own in- 
dividuality and ideals. They are re- 
garded as a statement of principles to 
be applied with judgment in each case 
rather than with arbitrary rigidity. 
Finally, they are intended to encour- 
age and stimulate but never to restrain 
the creative and imaginative. 

4. In any case in which the Educa- 


tion and Accreditation Committee is 
persuaded that well-considered experi- 
mentation in engineering curricula is 
under way, it shall give sympathetic 
consideration to departures from the 
criteria of Section 1 and shall make ap- 
propriate recommendations to ECPD. 

5. The committee continues to favor 
broad basic undergraduate programs 
in engineering which will prepare a 
student to take advantage of as many 
different opportunities as possible, and 
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prefers to minimize the number of 
specially designated curricula to be 
considered for accreditation. The 
committee is prepared to examine for 
approval any curriculum that appears 
likely to satisfy its criteria for an un- 
_dergraduate engineering curriculum. 
Curricula of a vocational or technical 
institute pattern cannot qualify, nor 
can curricula of so specialized a pat- 
tern as to provide an inadequate base 
for engineering of a professional level. 

































34 FELLOWSHIP AWARDS ANNOUNCED 
BY NATIONAL SCIENCE FOUNDATION 


The National Science Foundation has announced the award of 
34 fellowships for advanced study and research in the sciences in 
the Foundation’s Regular Postdoctoral Fellowship Program. One 
of these, to Richard H. Lyon of Minneapolis, is in the field of engi- 
neering. Mr. Lyon will study at the University of Manchester in 
England. 

Fellows were selected on the basis of ability as evidenced by 
letters of recommendation, academic and professional records, and 
other evidence of attainment. Applications were reviewed by 
panels of outstanding scientists under arrangements made with the 
National Academy of Sciences-National Research Council. Final 
selection of Fellows was made by the National Science Foundation. 

The National Science Foundation Postdoctoral Fellows receive, 
in addition to stipends, allowances for dependents, tuition, and other 
normal expenses. These awards will enable the recipients to study 
or carry on their research in 19 institutions of higher learning in the 
United States and 16 institutions in other countries. 





UNION COLLEGE RECEIVES COBALT-60 GIFT 


A substantial quantity of Cobalt 60, which will open up new 
areas of atomic research at Union College, was presented to the 
College recently by the Schenectady Varnish Company and is now 
being used in the study of radiation effects upon different kinds 
of materials. 

Officially rated at 1120 curies in strength, the cobalt is a high 
intensity source of gamma radiation. Originally purchased by the 
Schenectady Varnish Company from the Brookhaven National Lab- 
oratory, the source has been specially licensed by the Atomic 
Energy Commission for use on the Union College campus. Use of 
the Cobalt 60 will be shared by both Union College and the Schenec- 
tady Varnish Company. 
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THE PRINCIPLES AND PRACTICES 
OF COLLEGE RECRUITING 


The General Council of ASEE, at its meeting on November 14, 
1958, voted to approve this revision of The Principles and Practices 
of College Recruiting. The approval was based on the General 
Council having the opportunity to present comments if further 


modifications are to be made. 


The Ethics Committee of the Engi- 


neers’ Council for Professional Development also has given its ap- 
proval. The revision was accomplished by a joint committee of 
ASEE’s Ethics Committee and of the College Placement Council. 


General Principles 


It is in the best interests of students, 
colleges, and employers alike that the 
selection of careers be made in an ob- 
jective atmosphere with complete un- 
derstanding of all the facts. 

Therefore, the recruiting of college 
students for employment by business, 
industy, government and education 
should be carried out by the employ- 
ers, students and college authorities 
to serve best the following objectives: 


1. To promote a wise and responsi- 
ble choice of a career by the student 
for his own greatest satisfaction, min- 
imum wasteful turnover and most 
fruitful long term investment of his 
talents for himself, for his employer 
and for society. 

2. To strengthen in him a high 
standard of integrity and a concept of 
similar standards in the employing or- 
ganizations of the country. 

3. To develop in the student an at- 
titude of personal responsibility for 
his own career and advancement in it, 
based on performance. 

4. To minimize interference with 
the educational processes of the col- 
lege and to encourage completion of 
the individual’s plans for further edu- 
tion. 


Practices and Procedures 
| Responsibilities of the Employer 


1. The employer should contact the 
Placement Office well in advance re- 


garding desired interview dates, broad 
categories of employment expected to 
be available, college degrees, and 
other pertinent requirements. He 
should advise promptly any change in 
his original request or subsequent ar- 
rangements with the Placement Office. 

2. The employer should provide 
suitable literature to give students a 
true and factual picture of the employ- 
ing organization. This material should 
be supplied in sufficient quantities and 
well in advance of the interviewing 
date. 

3. When both the parent organiza- 
tion and subsidiary or affiliated organ- 
ization conduct interviews in the same 
college, the respective interviewers 
should explain clearly their missions 
and the connections, both to the Place- 
ment Office and to the students. 

4. Not more than two and prefer- 
ably only one interviewer representing 
an employer should appear for each 
interview schedule. Arrangements for 
more than two interviewers should be 
made in advance, and only for reasons 
considered adequate by the Placement 
Office. 

5. The Placement or other appro- 
priate officer of the college should be 
advised in advance of any plans for 
campus visits by the representatives of 
an employer, including alumni of the 
college, to acquaint faculty members 
or students with company employment 
activities or opportunities. Such rep- 
resentatives should exercise scrupulous 
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care to avoid undue demands on the 
time of faculty members or students. 

6. An employer who desires to con- 
tact an individual student at the time 
of his interview visit should com- 
municate with the individual well in 
advance, with a notice to the Place- 
ment Office. 

7. The interviewer should clearly 
explain to the Placement Office and 
students any special requirements such 
as the passing of tests, physical exami- 
nations, signing of patent agreements, 
or if his job is affected by any union 
contract. 

8. The interviewer should be punc- 
tual. He should tell the Placement 
Office when he will arrive as well as 
his expected departure time. Every 
effort should be made to avoid last 
minute cancellations. 

9. The interviewer should very care- 
fully follow the interview time sched- 
ule agreed upon with the Placement 
Office. 

10. As soon as possible following 
an interview, the employer should 
communicate with the student and the 
Placement Office concerning the out- 
come of the interview. 

11. The employer should give the 
student reasonable time to consider 
his offer, and in no case should the stu- 
dent be pressured into making a deci- 
sion concerning employment. 

12. If the employer invites a student 
to visit his premises for further discus- 
sion of employment, the visit should 
be arranged to interfere as little as 
possible with class schedules. He 
should explain what expenses will be 
paid, how, and when. Invitations for 
this purpose should be made only on 
an individual basis and the employer 
should avoid elaborate entertaining or 
overselling. 

13. The employer should not offer 
a student special payments, gifts, bo- 
nuses, or other inducements, nor 
should he compensate or favor a third 


JOURNAL OF ENGINEERING EDUCATION 





Vol. 49—No. 7 


party to prevail upon the student to 
accept an employment offer. 

14. Employers should not raise of. 
fers already made except when such 
action can be clearly justified as sound 
industrial relations practice, such as, 


- when an increase in hiring rate is re. 


quired on an overall basis to reflect 
salary adjustments in the employing 
organization. 

15. The employer should keep the 


Placement Office informed concerning | 


his interest in particular students and 
his negotiations with them. 

16. When a student has declined a 
job offer, the employer should accept 
that decision as final. If for any rea- 
son the employer wishes to re-establish 
contact with the student, he should do 
so only through the Placement Office, 

17. The employer should engage 
each student who has accepted his 
offer except when failure to do so is 
the direct result of contingencies ex- 
plained during the interview or un- 
avoidable economic factors not fore- 
seen when the offer was made. 


Responsibilities of the College 


1. As part of its general obligation 
for the development of the student, 
the college should accept responsibil- 
ity for stimulation of his thinking 
about his career objectives and for 
assistance in overcoming handicaps 
which may hinder his progress toward 
objectives appropriate for him. Com- 
petent counseling services should be 
provided for this purpose, available 
to individual students. 

2. The Placement Office should in- 
form employers concerning the num- 
ber of students available for interview 
in the several curricula, and the dates 
of graduation. This information should 
be sent as soon as it is available. 

3. The Placement Office should an- 
nounce to students early in the school 
year which employers will interview 


students and when. The Placement | 





Mar., 


Offic 
men 
nece 


mak 
to st 


grad 
neer 
Plac 
nour 
conc 
shou 
who 


restr 
stud 
cour: 


quat 
and | 


vide 
ords 
are i 


rang 
mem 
ally ¢ 


their 


ulty 1 
but s 
in the 

11. 
make 
quain 
ciples 
cruiti: 


Respo 


the si 
spons 


| his ce 


ways 





Jol. 49—No. 7 
tudent to 


‘ raise of- 
yhen such 
1 as sound 
, such as, 
rate is re- 
to reflect 


>mploying 
keep the 


concerning | 


dents and 


Jeclined a 
ild accept 
r any rea- 
2-establish 
should do 
ent Office. 
d_ engage 
epted his 
o do so is 
encies ex- 
2w OF un- 
not fore- 
ade. 


obligation 
e student, 
esponsibil- 
s thinking 
s and for 
handicaps 
ess toward 
im. Com- 
should be 
, available 
should in- 
: the num- 
r interview 
1 the dates 
tion should 
lable. 

should an- 


the school | 
| interview | 


Placement 








Mar., 1959 


Office should make revised announce- 
ments from time to time as may be 
necessary. 

4, The Placement Office should 
make employment literature available 
to students and faculty. 

5. When an employer is looking for 
graduates in several fields (e.g., engi- 
neering, psychology, physics) the 
Placement Office should issue an- 
nouncements to all qualified students 
concerned, and, so far as practicable, 
should schedule interviews for those 
who express interest. 

6. The Placement Office should not 
restrict the number of interviews per 
student, except as necessary to dis- 
courage indiscriminate “shopping.” 

7. The college should provide ade- 
quate space and facilities for quiet 
and private interviews. 

8. The Placement Office should pro- 
vide interviewers with available rec- 
ords of those students in whom they 
are interested. 

9. The Placement Office should ar- 
range for interviewers to meet faculty 
members who know students person- 
ally and can provide information about 
their work and qualifications. 

10. The Placement officer and fac- 
ulty members should counsel students 
but should not unduly influence them 
in the selection of jobs. 

ll. The Placement Office should 
make certain that students are ac- 
quainted with this statement of “Prin- 
ciples and Practices of College Re- 
cruiting.” 

Responsibilities of the Student 


1. In seeking company interviews, 
the student should recognize his re- 
sponsibility to analyze his interests 
and abilities and consider carefully 
his career objective and appropriate 
ways of meeting it. He should read 
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available literature and consult other 
sources for information about the em- 
ployer and organize his thoughts in 
order that he may intelligently ask 
and answer questions. 

2. The student should contact the 
Placement Office well in advance re- 
garding desired interviews or cancella- 
tions. 

3. The student should use care in 
filling out such forms as may be re- 
quested in preparation for interviews. 

4. In his interviews, the student 
should recognize that he is represent- 
ing his college, as well as himself, and 
should be punctual and thoroughly 
businesslike in his conduct. 

5. The student should promptly ac- 
knowledge an invitation to visit an 
employer's premises. He should ac- 
cept an invitation only when he is 
sincerely interested in exploring em- 
ployment with that employer. 

6. When a student is invited to visit 
an employer's premises at the employ- 
er’s expense, he should include on his 
expense report only those costs which 
pertain to the trip. If he visits several 
employers on the same trip, costs 
should be prorated among them. 

7. As soon as the student determines 
that he will not accept an offer, he 
should immediately notify the em- 
ployer. 

8. The student should not continue 
to present himself for interviews after 
he has accepted an employment offer. 

9. Acceptance of an employment 
offer by the student should be made 
in good faith and with the sincere in- 
tention of honoring his employment 
commitment. 

10. The student should keep the 
Placement Office advised concerning 
his employment negotiations in ac- 
cordance with the policy of his Place- 
ment Office. 





CANDID COMMENTS 
FOREIGN LANGUAGES 


IN THE HUMANITIES PROGRAM 


I have just finished re-reading Pro- 
fessor Fred Landis’ article, “An Engi- 
neering Teacher Looks at the Human- 
ities Program” in the March, 1958, is- 
sue of the JouRNAL OF ENGINEERING 
EpucaTion. I undoubtedly also read 
the Grinter report referred to, but 
have forgotten its contents in the 
space of three years since it appeared. 

My interest in this subject might 
appear on the surface to be remote, 
since it is ten years since I left the 
profession of teaching, and at that time 
I had taught mechanical engineering 
for only two years. During that em- 
ployment, however, I spent one of the 
two years as Chairman of the “Social 
Humanistics” committee of the engi- 
neering school where I taught. We 
were in the growing pains period of 
shifting from the four to the five year 
curriculum, and most of the depart- 
ment heads merely tried to work in 
more engineering subjects to take care 
of the fifth year. For example, in me- 
chanical engineering we taught such 
subjects as “Steam Turbines” and “Air 
Conditioning,” ordinarily reserved for 
graduate work. This helped to fill 
out the course, whereas we should 
have worked in a liberal arts schedule. 

I have only one bone to pick with 
what I have read to date on this sub- 
ject. As Professor Landis states, any 
evaluation of present programs must 
reflect the opinions of the writer. My 
opinion is possibly biased by the fact 
that I spent two years of my graduate 
work at an engineering school in 
Paris, France. The glaring omission 





KNIGHT PRYOR 


Executive Assistant 
Remington Rand Univac 
St. Paul, Minnesota 


I see from the various humanities pro- 
grams suggested is the absence of a 
foreign language. 

In the electronics business in which 
I am now engaged, we have had visits 
by various technical representatives 
of foreign countries, such as France, 
Japan, West Germany, and Latin 
American countries. Our company 
has sales offices and/or plants in many 
countries of the world, covering, | 
believe, all continents. In practically 
all cases we expect our foreign con- 
tacts to provide English translation 
or interpreters, rather than vice versa 

Also, there is a wealth of foreign 
technical knowledge published and 
available, even in Russian, which re 
mains largely untapped _ because, 
though there are people available wh 
may have a knowledge of the lap 
guage involved, the technical term 
remain a mystery. I myself, in a 


extracurricular activity, have trans} 


lated numerous technical document 
from French to English in the o- 
dinary course of business right her 
in St. Paul, Minnesota. 

Language is the basis of all commu 
nication. Much has been said in dis 
cussions of the Humanities Program 
concerning the current inability ¢ 


many engineers (and others) to &} 


press themselves clearly and grat 
matically. Not the least of the at 
vantages of study in this field, px 


ticularly in the Classical and Romant} 
languages, is the resultant broadenitt/ 


of understanding of the grammatiel 


background and immense capability) 
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of expression contained in English 
itself. 

Let me emphasize that I do not 
necessarily advocate starting from 
scratch on a foreign language in the 
engineering school. (A possible ex- 
ception might be Russian or Japanese, 
neither of which can be expected in 
high school curricula.) In my opin- 
ion, many high schools are at fault 
for de-emphasizing the value of a for- 
eign language. Those which serve 
the colleges should be encouraged in 
this respect. Also, in my opinion, 
probably the best our engineering 
schools can be expected to do at this 
time is to encourage those students 
who have taken a foreign language in 
high school to continue it in engineer- 


NEW GRADUATE STUDY 


PROGRAMS AT MICHIGAN 





FOREIGN LANGUAGES IN THE HUMANITIES PROGRAM 633 


ing school. The final term of the lan- 
guage course should emphasize the 
technical language of the engineering 
subjects the student is taking. This 
was done in my own case at the U. S. 
Navy Post Graduate School, and it 
proved invaluable when I was sent to 
Paris in 1937. The language has stuck 
with me fairly well, though it is rusty 
due to infrequent use. 

Our company has its existence due 
to engineering and we hire many 
graduate engineers. In my opinion 
their value to the company, if only 
due to the flexibility of possible as- 
signment, would be greatly enhanced 
by the ability to speak, read, and 
write a foreign language. Besides, it 


is fun. 








Two-year programs of graduate study in engineering at The 
University of Michigan were approved by the Regents. The pro- 
grams, to be given by the School of Graduate Studies, will require 
30 credit hours of work beyond the Master of Science in Engineering 
level or its equivalent to be taken at the U-M with a grade average 
of B or better. The new programs will permit a broader subject- 
area training than is now required for a master’s degree. 

The programs will include at least 24 hours in the area of the 
department of program cited in the degree, at least six hours de- 
voted to a research, design or development problem, at least three 
courses in cognate fields other than mathematics, and at least nine 
credit hours in mathematics beyond the B.S.E. mathematics require- 
ments of the department cited in the degree. 

At the present time, the degrees to be awarded include Aero- 
nautical Engineer, Civil Engineer, Chemical Engineer, Metallurgical 
Engineer, Electrical Engineer, Industrial Engineer, Mechanical En- 
gineer, Nuclear Engineer, Applied Mechanics Engineer, and Marine 
Engineer. Additional degrees of this type may be added if the 
need develops. 

While initiating the new degree programs in engineering, the 
Executive Board requested the discontinuance of professional de- 
gree programs in engineering, forestry and wood technology now 
in existence which required several years of experience in industry 
before a degree could be granted. Demand for this type of profes- 
sional degree was reported to be negligible and the Regents ap- 
proved the request for them to be discontinued. 








CANDID COMMENT 


REDUCTION OF PHYSICS CONTENT 
IN THE ENGINEERING PROGRAM? 


This note is submitted in partial ful- 
fillment of the requirements that every 
controversial issue have each of its 
facets exposed equally in a journal, so 
that one can discover eventually which 
of these facets will take on new lustre 
in the polishing process, and which 
will crack and crumble. While others 
are undoubtedly much better quali- 
fied to answer Dean Ryder’s recent 
note? they may not have found time 
in this case, so that my response may 
have to suffice. 

Briefly, Dean Ryder has indicated 
that the correlation between the first 
quarter of sophomore physics (me- 
chanics) and engineering statics is 
negligibly small. He has therefore 
concluded that “this simple experi- 
ment confirms the step taken at Mich- 
igan State University in the elimina- 
tion of some of the classical physics 
training as a pre-requisite to more ad- 
vanced engineering training.” Me- 
chanics is the classical physics spe- 
cifically eliminated in his article. 

As an opening gambit, I should like 
to ask Dean Ryder if he has tried put- 
ting some sophomores into the physics 
program after their statics course, to 
see if one can then conclude whether 
statics is necessary for an understand- 
ing of physics? In fact, is it not pos- 
sible that first quarter physics has, for 
its fundamental objective, something 
quite different from statics to teach? 
As I look, for example, at one well ac- 


1J. D. Ryder, “An Experiment in the Re- 
duction of Physics Content.” 
118-121, November (1958). 


JOURNAL, pp. 





ELLIOT H. WEINBERG 


Professor and Chairman, Department 
of Physics, School of Engineering, 
North Dakota State College, Fargo 


cepted text for this level physics, | 
find eighteen chapters devoted to me- 
chanics, but not one entitled statics! 
It is true that several pages are de. 
voted to vector addition, and forces 
are used as illustrative examples; and 
it is equally true that the concept of 
torque is introduced first for the equi- 
librium case. However, as Dean 
Ryder has carefully pointed out, Mich- 
igan State begins at the beginning, as- 
suming no previous knowledge, so that 
in a day or two their students can be 
brought up to the same level in re 
gard to vectors and moments. 

A logical development along similar 
lines would lead to the elimination of 
mathematics from the overcrowded 
engineering curriculum, for even 
though the sophomores have probably 
had a course in calculus they probably 
can do no better in statics than those 
without calculus preparation, if only 
they can be taught what handbook 


contains the necessary data on cer 


troids. 

It must pose an interesting problem 
to the Michigan State physics depart- 
ment to teach modern physics, includ- 
ing solid state and nuclear physics, to 
engineering students who have learned 
their previous physics in courses such 
as statics and electrical circuits. At 
this level, a comparison of students 
with and without sophomore physics 
would be especially meaningful. Some 


sympathy must also be _ extended 


2 Physics for Science and Engineering. | 
Weber, White and Manning, McGraw-Hill | 


(1957). 
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to the mechanical engineering staff 
charged with the teaching of thermo- 
dynamics, but forbidden to use the 
concept of energy, since that mechan- 
ics course in which energy conserva- 
tion is discussed no longer is a pre- 
requisite to thermodynamics. And 
what of modern physics without the 
prior concepts of linear and angular 
momentuin? Can it be that, in fact, 
the engineering staff have taken over 
the job of teaching physics them- 
selves, in each of their engineering 
courses? In all fairness to Dean 
Ryder, this might well be less of a 
calamity than appears at first sight. 

At any rate, to an old fashioned 
physicist like me it is somewhat alarm- 
ing to know that the course in sopho- 
more physics has for its sole purpose 
the introduction of cgs and MKS units 
“to insure adequate scientific broaden- 
ing of our students,” as the Dean says.* 

Let us leave, now, the qualitative 
aspects of the problem and turn to 
Dean Ryder’s “quantitative” results. 
We are asked here to note that in a 
group of 77 students, only nine re- 
ceived a grade in statics that did not 
lie within one letter grade of their 
grades in physics. The Dean con- 
cludes that no conclusion can be 
drawn. Let us see what his chart 
(Table I) can tell us. 

Of those who received ‘A’ in phys- 
ics, only two dropped down to a ‘C’ 
while of course there was only one 
way to go. For those getting ‘B’ in 
physics, almost half received an ‘A’ 
in statics, which would imply that 
their background in physics served 
them well. For those receiving ‘C’ in 
physics, almost half did better in 
statics, while a negligible number 
fared more poorly. Even for the ‘D’ 
physics group more than half did bet- 
ter in statics. As for the F’ group, 
the physics department certified these 


* Ryder, p. 121. 
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students’ ignorance in that field, and 
the engineering staff evidently wasn't 
able to teach them anything either. 

It is far from the case of “grade 
begets grade.” If one throws out dif- 
ferences of one letter grade, either 
plus or minus, why not two or three 
and do away with grades entirely? 
Can it be that the reason for disre- 
garding differences of one letter grade 
is that the pluses are far in excess of 
the minuses? 

Turning now to Table II we can see 
some rather interesting features, if we 
only wish to look. For example, are 
we concerned with our better stu- 
dents? Then note that 50 per cent 
more students with physics than with- 
out got an ‘A’ in statics. It is true that 
more students with physics got “D’ 
than those without. But the reason is 
clear—there were fewer ‘D’s in statics 
for those who didn’t have physics pre- 
viously, because they got ‘F’ instead. 
The proof is simple. The total num- 
ber of ‘D’s plus ‘*F’ is about the same 
for both groups. It does seem pos- 
sible that if more than 50 per cent 
more students got ‘A’ and about 50 
per cent less got ‘F’ as a result of their 
physics background, some attention 
ought to be given to this fact. 

While it is certainly not within the 
province of a physicist to question the 
advisability of eliminating physics as 
a prerequisite to more advanced engi- 
neering work, I hope that this note 
will not arrive too late to help others 
who must make similiar administra- 
tive decisions in the near future. If it 
is true, as Dean Ryder avers, that the 
physics of yesterday has become the 
engineering of today, I am very loath 
to accept the additional premise that 
the physicist of yesterday has become 
the engineer of today. It would rather 
appear that the engineer of today is 
being prepared for the job of tech- 
nician of tomorrow! “O tempora! O 
mores!” 


Abstract of the 


MINUTES OF THE MEETING 
OF THE EXECUTIVE BOARD 
AND GENERAL COUNCIL, 
NOVEMBER 13 AND 14_ 


Copies of the complete minutes can be obtained from the office of the 


Secretary on request. 


Two major actions featured the 
meetings. The first was the approval 
of the project for a seven-man team 
to go to India to make a feasibility 
study for the establishment of an in- 
stitute of technology at Kanpur, India. 
Because the group was to be in India 
within two months of the initial con- 
tact, everything was done by tele- 
phone with the Secretary and Presi- 
dent acting in accordance with the di- 
rectives of the Executive Board. The 
request came from the International 
Cooperation Administration. The con- 
tract was signed on November 3 and 
the group was in India on December 
1. Six weeks to two months is to be 
spent in India. If the report then pre- 
pared is acceptable to the Govern- 
ment of India, a more detailed report 
giving size, space, laboratories, equip- 
ment, etc. is to be developed after re- 
turning to the United States. 

The second major action was the 
acceptance of the request of the Engi- 
neers Council for Professional Devel- 
opment that ASEE make an evalua- 
tion study of technical institute educa- 
tion similar to the study of engineering 
education they requested several years 
ago and which led to the “Report On 
Evaluation of Engineering Educa- 
tion.” The Technical Institute Divi- 


sion heartily endorsed the action. An 
appropriate committee will be ap- 
pointed to plan the work, seek financ- 








W. LEIGHTON COLLINS 


Secretary, ASEE 


ing, and carry out the study. It is be- 
lieved that this is a logical follow-up 
to the National Survey of Technical 
Institute Education which just has 
been concluded. 

The Technical Institute Division re. 
ported that the English Speaking Un- 
ion has requested it to participate in 
the exchange of two representative 
teachers with the United Kingdom, 
and requested approval as an ASEE 
Project. There is no financial obliga- 
tion to ASEE. Approval was granted. 
The General Council also VOTED to 
endorse in principle a technical insti- 
tute education exchange mission with 
the USSR. 

In order to coordinate the efforts of 
division editors and to give the Editor 
of the JouRNAL an advisory group with 
whom he can consult regarding ac- 
ceptance of papers for publication, if 
he believes it desirable, an editorial 
committee made up of the editors of 
divisions and other appropriate groups 
was authorized. The President also 
was authorized to appoint committees 
to organize groups and plan programs 
for the annual meetings for those it- 
terested in engineering science cur 
ricula and in dean of mens’ activities. 

The much discussed question of re 


search in the teaching of engineers | 
was again considered. The Research | 
Administration Committee of ECRC} 


took the bull by the horns and agreed | 
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to serve as catalyst to get ECRC, 
ECAC, the Educational Methods Di- 
vision, the Graduate Division, and 
CDEF together to develop a program. 
On the recommendation of ECRC, the 
Executive Board allocated $1,500 for 
travel expenses to the project, the full 
amount to be repaid when a project is 
financed. A target date of June 1960 
was set for the presentation of an ap- 
propriate research program. 

The relations with the Federal Gov- 
ernment were discussed from a num- 
ber of points of view. A letter to Dr. 
L. G. Derthick, Commissioner of Edu- 
cation, was authorized in order to pre- 
sent names of engineering educators 
to him for consideration for appoint- 
ment to the advisory committee on 
fellowships, as authorized by the Na- 
tional Defense Education Act for 1958. 
The Small Business Bureau of the De- 
partment of Commerce wishes to pub- 
lish as one of its circulars, and at no 
cost to the Society, ECRC’s report 
“Research Relations Between Engi- 
neering Educational Institutions and 
Industrial Organizations.” From 25,- 
000 to 100,000 copies will be sold in 
the usual manner of the SBA. If the 
Publications Committee approved (it 
did), the offer was to be accepted. A 
summary of the report will be in a 
spring issue of the JourNAL. A resolu- 
tion approved by ECRC voicing ob- 
jection to the Bureau of the Budget’s 
method for calculation of overhead 
also was approved by the General 
Council. The National Federation of 
College and University Business Of- 
ficers objected on a cost accounting 
basis, but ECRC also objects on the 
basis of the inseparability of instruc- 
tion and research. In brief, the Bu- 
reau of the Budget insists that space 
and equipment included be exclu- 
sively for research. The resolution is 
to be transmitted to the Bureau of the 
Budget through the established chan- 
nel, the American Council on Educa- 
tion. 
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The revision of Recruiting Practices 
and Procedures submitted by the Eth- 
ics Committee was approved. The 
new title is “The Principles and Prac- 
tices of College Recruiting.” The re- 
vision was drafted by a joint commit- 
tee of the College Placement Council 
and the Ethics Committee. ECPD’s 
Ethics Committee has approved the 
draft, and it is now being submitted 
to the various placement associations 
for approval. ASEE’s two major con- 
tentions regarding previous “codes” of 
other bodies were recognized and es- 
sentially incorporated in the revision; 
there thus now will be only one “code” 
in the future. It is expected that the 
revision will be published in a spring 
issue of the JouRNAL as well as becom- 
ing available as a separate publication. 

YET activities also were promi- 
nently discussed. $50.00 was allo- 
cated to CYET for an experimental 
issue of a newsletter. It is to be dis- 
tributed through the Section Repre- 
sentatives. The summer employment 
program whereby the names and in- 
terests of YETs desiring summer em- 
ployment are tabulated and the lists 
sold to employers, industrial members 
of ASEE, was approved for this year, 
thus rescinding the action of the Ex- 
ecutive Board taken at its June, 1958 
meeting. A report, including its ef- 
fectiveness, is to be submitted in June. 
A committee to make a study of all 
aspects of employment program needs 
of ASEE also was authorized. 

The Engineering Economy Division 
submitted a request to the Executive 
Board to solicit foundation support 
for the publication of the Engineering 
Economist for a period of three years 
in order to get it in a sound financial 
position. The Executive Board ex- 
pressed interest and concern, but re- 
ferred the request to the Publications 
Committee for a recommendation. 

Membership activities in all cate- 
gories are actively getting underway. 
New individual members are being 








added at the same rate as a year ago, 
but the big push for a successful year 
is yet to come. Valparaiso and South- 
western Louisiana Universities were 
admitted to active membership, par- 


ticipating in ECAC. Participation in . 


ECRC has been granted to the Uni- 
versity of Houston, University of Cin- 
cinnati, New Mexico College of A. 
and M. Arts, and Colorado School of 
Mines. 

Vice Presidents Eckel and Van 
Houten have undertaken experimental 
programs to interest “pre-engineering” 
colleges in affiliate membership. These 
efforts will be watched with interest. 
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The Industrial Membership Commit. 
tee will get its ambitious program up. 
derway in December, using a newly 
designed brochure and an individ. 
ually typed letter from the chairman 
of the committee. Individual mem. 
bers of the committee will then fol. 
low up. 

Life membership was approved for 
the following fourteen members: Q. 
C. Ayers, Grover Blalock, A. I. Brown, 
P. S. Donnell, H. C. T. Eggers, C. J. 
Kiernan, R. G. Paddock, O. W. Potter, 
G. H. Sechrist, J. T. Tykociner, W. C. 
Voss, P. A. Willis, Carl Wischmeyer, 
and J. C. Wooley. 


NEW NUCLEAR LAB AT STANFORD 





A Stanford University laboratory famous for pioneering in elec- 
tric power technology now has turned to nuclear power. The 
Harris J. Ryan Laboratory, a campus landmark since 1926, will be 
remodeled to serve the University’s growing classes of nuclear 
engineering students. 

Stanford trustees have appropriated $87,500 to provide 3,200 
square feet of instructional, laboratory, and locker space inside the 
huge building and for painting and landscaping to improve the 
exterior. 

Upon completion next spring the nuclear power teaching facility 
should rank among the best of its kind, according to Stanford Pro- 
fessor George Leppert, director of the program and a member of 
the Mechanical Engineering faculty. 

The laboratory’s most spectacular item will be a 10-kilowatt 
teaching reactor soon to be under construction. A “pool” type, 
it will be financed by a $150,000 grant from the Atomic Energy 
Commission. Another $25,000 has been given by the C. F. Braun 
Trust of Alhambra for housing the reactor and its related facilities. 
The reactor will complement the laboratory's subcritical nuclear 
assembly, a similar device powered by $80,000 worth of AEC-loaned 
uranium, which is already in use. 

Other facilities will include a radiochemistry instruction labora- 
tory, a radioactivity counter room, a reactor heat transfer research 
laboratory, and a machine shop and faculty offices. 
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NEW MEMBERS OF ASEE 


NEW AFFILIATE MEMBERS 





Flint Junior College, 1401 E. Court S., Flint 3, Michigan 


Clyde E. Blocker, President 
Prof. Clifton Matz, Representative 


Western Michigan University, Kalamazoo, Michigan 


President: Paul V. Sangren 


Dean, School of Applied Arts and Sciences: Dr. George E. Kohrman 


NEW INDUSTRIAL MEMBERS 1959 


Zenith Radio Corporation 
6001 Dickens Avenue 
Chicago 39, Illinois 


Rep: N. W. Aram, Asst. Vice President and Chief Engineer 


Port of New York Authority 
111 8th Ave. 
New York 11, N. Y. 


Rep: William P. Starr, Jr., Administrative Engineer for Design 


Central Hudson Gas & Electric Company 


South Road 
Poughkeepsie, New York 


Rep: George H. Landis, Vice President—Engineering 


R. J. Reynolds Tobacco Company 
Winston-Salem, North Carolina 


Rep: Charles B. Wade, Jr., Personnel Manager 


NEW INDIVIDUAL MEMBERS 
As of November 21, 1958 


ANDERSON, DonaLp R., Instructor in Civil 
Engineering, Purdue University, La- 
fayette, Ind. Warren J. Luzadder, C. 
J. Rogers. C. E. 

BaRTEN, KENNETH S., Assistant Professor 
of Industrial Engineering and Director, 
Computing Facilities, Washington Uni- 
versity, St. Louis 5, Mo. G. Nadler, 
Jay Goldman. Admr. Educ.; I. E. 

Beattie, Ina M., Associate Professor of 
Civil Engineering, University of New 
Brunswick, Fredericton, New Bruns- 
wick, Canada. Earle O. Turner, R. H. 
B. McLaughlin. C. E. 

Borco, Pamir E., Instructor in Civil 
Engineering, Arizona State College, 
Tempe, Ariz. George C. Beakley, Lee 
P. Thompson. C. E. 


Bowes, LEONARD W., Instructor in Elec- 
trical Engineering, University of Maine, 


Orono, Maine. Walter J. Creamer, 
Waldo M. Libbey. E. E.; Phys. 

Butter, EAre H., Assistant Professor of 
Industrial Engineering, University of 
Wichita, Wichita, Kan. W. O. Bern- 
hart, H. T. Puderbaugh. I. E. 

Cary, Howarp B. Director, Hobard 
Brothers Technical School, Troy, Ohio. 
Roy B. McCauley, Robert S. Green. 
Admr. Educ.; T. I. 

CLEMENTS, TimoTtHy E., Associate Pro- 
fessor of Industrial Commerce, Mil- 
waukee School of Engineering, Mil- 
waukee, Wis. Daniel A. Brandt, Rich- 
ard J. Ungrodt. Tech. I.; Human-Soc. 

CxouserR, Wi1LuraM §S., Assistant Professor 
of Mechanics, University of Wisconsin, 
Madison, Wis. R. A. Ragatz, T. J. 
Higgins. Mech. & Mat. 

Connors, JOHN F., Administrator, Engi- 
neering and Science Education, Indus- 
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trial Relations, The Martin Co., Balti- 
more 3, Md. John M. Hollyday, 
Walter A. Kee. Admr. Indus.; M. E. 

DEVEREAUX, ALFRED B., Assistant Profes- 
sor of Engineering Drawing, The Ohio 
State University, Columbus, Ohio. 
Ralph S. Paffenbarger, Chas. D. 
Cooper. Engr. Graphics. 

EBELING, Paut F., Teacher, Henry Ford 
Community College, Detroit, Mich. 
Robert Kollin, Jr., John H. Ringels- 
paugh. Tech. Inst.; Engr. Graphics. 

Fow.er, Howarp G., Assistant Professor 
of Industrial Management, Alabama 
Polytechnic Institute, Auburn, Ala. 
William E. Lane, William W. Morgan. 
L E. 

FRANtI, CHARLES E., Instructor in Math- 
ematics, Michigan College of Mining 
and Technology, Houghton, Mich. 
Ernest R. Griff, J. M. Harrington. 
Math.; Human.-Soc. 

GraroLa, ATTILLO J., Instructor in Elec- 
trical Engineering, Seattle University, 
Seattle, Wash. Edward W. Kimbark, 
F. J. Smedley. E. E.; Phys. 

Grssons, Hucu P., Assistant Professor of 
Mechanical Engineering, University of 
Colorado, Boulder, Colo. Robert J. 
Williams, Herbert E. Johnson. Min. 
Tech.; Mech. & Mat. 

Grysson, EuGENE A., Assistant Professor 
of Civil Engineering, University of 
Michigan, Ann Arbor, Mich. L. C. 
Maugh, Glenn L. Alt. C. E. 

GREENFIELD, EUGENE W., Director, Divi- 
sion of Industrial Research, Washing- 
ton State College, Pullman, Wash. H. 
W. Barlow, J. P. Spielman. Admr. 
Educ.; E. E. 

GuitForpD, ALBERT A., Instructor in Civil 
Engineering, Tri-State College, Angola, 
Ind. Cecil Hauber, George A. Granger, 
dc. SPE. 

Hatt, Forrest H., Associate Professor of 
Civil Engineering, University of Idaho, 
Moscow, Idaho. Allen S. Janssen, 
Chester A. Moore. C. E.; Mech. & 
Mat. 

Hircucock, JAMEs E., Instructor in Me- 
chanical Engineering, Purdue Univer- 
sity, Lafayette, Ind. C. L. Brown, E. 
E. Spitler. M. E.; Math. 

Jessup, Bos A., Instructor in Electrical 

Engineering, State University of Iowa, 
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Iowa City, Iowa. James O. Osbum, 
Karl Kammermeyer, E. E.; Math. 
KarPINsKI, RoBERT W., Head, Geology 
Department, University of Illinois in 
Chicago, Navy Pier, Chicago 11, I 
Roy Huitema, M. V. J. Dembsk, 

Geophys. Engr. 

Larson, Maurice A., Assistant Professor 
of Chemical Engineering, Iowa State 
College, Ames, Iowa. R. W. Fahien, 
D. R. Boylan. Chem. E. 

Marvin, FRANK F., Assistant Professor of 
Mechanics, U. S. Air Force Academy, 
Colorado. Archie Higdon, F. Ramon 
Bonanno. Engr. Graphics; Mech: & 
Mat. 

MANGER, Rosert F., Instructor in Elec. 
trical Technology, University of Day. 
ton, Dayton, Ohio. Douglas A. Han 
neman, Richard R. Hazen. Tech. 
Inst.; E. E. 

MELvIN, Donatp W., Instructor in Elec. 
trical Engineering, University of New 
Hampshire, Durham, N. H. John B. 
Hraba, Alden L. Winn. E. E.; Phys. 

MITCHELL, Rosert I., Chairman of I 
dustrial Engineering, University of 
Dayton, Dayton, Ohio. Raymond J, 
Stith, Maurice Graney. 3 ELE. 

MosBeERG, Wi1Lx1aM, Assistant Professor 
of Mechanical Engineering, The Uni- 
versity of New Hampshire, Durham, 
New Hampshire. Russell L. Valen 
tine, E. H. Stolworthy. M. E. 

McDonnELL, RosBert L., Chairman o 
Engineering, Citrus Junior College, 
Glendora, Calif. C. Martin Duke, 
Bonham Campbell. Gen. E.; Phys. 

Perry, Rospert H., Associate Professor 
of Chemical Engineering, University o 
Oklahoma, Norman, Okla. W. # 
Carson, O. K. Crosser. Chem. E. 

Pincs, VERN M., Instructor in Library, 
College of Engineering, University d 
Wisconsin, Madison 6, Wis. R. A 
Ragatz, Thomas J. Higgins. Librar 
ians; Hum.-Soc. 

Potowy, Henry, Assistant Professor 
Mathematics, Stevens Institute d 
Technology, Hoboken, N. J. Nicholas 
J. Rose, Mark R. Reeks. Math. 


Price, James T., Assistant Professor df | 


Civil Engineering, University of Ter 
nessee, Knoxville, Tenn. R. E. Bu 
lock, L. Raymon Shobe. Mech. & 
Mat.; C. E. 
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RrrreRSHAUS, FRED J., Assistant in Civil 
Engineering Department, South Da- 
kota State College, Brookings, South 
Dakota. Paul L. Koepsell, John R. 
Andersen. C. E.; Mech. & Mat. 

Rocness, MitTon L., Assistant Professor 
of Engineering Drawing, Iowa State 
College, Ames, Iowa. M. W. Alm- 
feldt, James S. Rising. Engr. Graphics. 

SacKETT, Ross, Editor of College Depart- 
ment, Charles E. Merrill Books, Inc., 
1300 Alum Creek Drive, Columbus 16, 
Ohio. W. T. Alexander, W. Leighton 
Collins. Admr. Indus.; Publisher. 

Sett, GEORGE R., Assistant Professor of 
Mechanical Engineering, University of 
Wisconsin, Madison, Wis. C. A. Gil- 
pin, R. A. Lindberg. M. E. 

Saenwoop, A. Wu ey, Professor and 
Head of Aeronautical Engineering, 
University of Maryland, College Park, 
Md. F. T. Mavis, Russell B. Allen. 
Aero. E. 

SarEVE, Ewart C., Associate Professor 
of Civil Engineering, University of 
Tennessee, Knoxville, Tenn. L. Ray- 
mon Shobe, E. S. Fabian. C. E.; 
Mech. & Mat. 

SmatL, A. L., Assistant Professor of Civil 
Engineering, University of Wisconsin, 
Madison 6, Wis. Kurt F. Wendt, W. 
§. Cottingham. C. E.; Arch. E. 

Tomas, FRANK A., JR., Professor and 
Head of Mechanical Engineering, 
Lamar State College of Technology, 
Beaumont, Texas. Robert V. Andrews, 
George B. Tims, Jr. M. E. 

Tapp, ARLEY L., Teaching of Engineer- 
ing, City College of San Francisco, San 
Francisco, Cal. H. Roy Edmison, W. 
K. Mayo. E. E.; Tech. Inst. 

WERNECKE, Rosert B., Assistant Profes- 
sor of Mechanical Engineering, Uni- 
versity of Wisconsin, Madison 6, Wis. 
a Ragatz, T. J. Higgins. M. E.; 


West, Ronatp E., Assistant Professor of 
Chemical Engineering, University of 
Colorado, Boulder, Colo. Robert J. 
Williams, Herbert E. Johnson. Chem. 
E.; Chem. 

Wiper, Davin R., Associate Professor of 

Ceramic Engineering, Iowa State Col- 

lege, Ames, Iowa. C. M. Dodd, Mor- 

ton Smutz. Ceramic Engr.; Chem. E. 
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Wricut, Dovucias T., Professor and 
Chairman of Civil Engineering, Water- 
loo College, Waterloo, Ontario.  T. 
L. Batke, A. R. LeFeuvre. C. E.; 
Mech. & Mat. 

WricuT, Rosert L., Jr., Instructor in 
Mechanical Engineering, Northeastern 
University, Boston 15, Mass. Alfred 
J. Ferrett, A. V. Keating. M. E. 

Younc, Raymonp E., Assistant to the 
Dean of Engineering, Milwaukee 
School of Engineering, 1025 N. Mil- 
waukee St., Milwaukee, Wis. Richard 
J. Ungrodt, Bill Jelinske. Admr. Educ.; 
E..E, 


ZAHN, JOHN JosEPH, Instructor in Me- 


chanics, University of Wisconsin, 
Madison, Wis. R. A. Ragatz, T. J. 
Higgins. Mech. & Mat.; Math. 


50 new members this list 
300 members previously added this fiscal 
year 


350 new members this fiscal year 


As of December 12, 1958 


ACKLEY, KENNETH A., Instructor in En- 
gineering Drawing, Ohio State Univer- 
sity, Columbus 10, Ohio. Ralph S. 
Paffenbarger, William E. Brown. Engr. 
Graphics; M. E. 

AvEN, Russe. E., Associate Professor of 
Chemical Engineering, University of 
Mississippi, University, Miss. Leland 
F. Roy, Frank A. Anderson. Chem. 
E.; Math. 

Baker, Robert Lewis, Instructor in Civil 
Engineering, University of Arizona, 
Tucson, Ariz. Gene M. Nordby, 
Quentine Mees. C. E.; Mech. & Mat. 

Berc, GLEN V., Assistant Professor Civil 
Engineering, University of Michigan, 
Ann Arbor, Mich. L. C. Maugh, 
Glenn L. Alt. C. E.; Mech. & Mat. 

Cason, JoHN H., Head, Division of Phys- 
ical Sciences and Engineering, Pueblo 
College, Pueblo, Colo. C. L. Eckel, 
Marvin C. Knudson. Adm. Educ.; 
Chem. 

CuHapwick, Duane G., Assistant Profes- 

sor of Electrical Engineering, Utah 

State University, Logan, Utah. Bertis 

L. Embry, Larry S. Cole. E. E. 











CoLeMAN, Howarp, Assistant Professor 
of Electrical Engineering, New Mexico 
College of A. & M. Arts, State College, 
N. M. C. Donald Crosno, M. A. 
Thomas. E. E.; Ge. E. 

Couns, Rosert N., Instructor in Me- 
chanical Engineering, University of 
Wisconsin, Madison, Wis. Frank W. 
Schmidt, Charles M. Harman. M. E. 

CuRRIER, THORNTON H., Manager, Draft- 
ing & Art Production, Venus Pen & 
Pencil Corporation, Hoboken, N. J. 
L. O. Johnson, Irwin Wladaver. Engr. 
Graphics. 

Epwarps, WENDELL F., Instructor in En- 
gineering, Pueblo Jr. College, Pueblo, 
Colo. C. L. Eckel, Marvin C. Knud- 
son. Mech. & Mat.; Min. Tech. (Min.) 

FITZGERALD, RoBERT W., Instructor in 
Mechanical Engineering, Worcester 
Junior College, Worcester, Mass. John 
Elberfeld, E. Russell Johnston, Jr. C. 
E.; Arch. E. 

FLetTcHER, Harowp R., Lecturer in Elec- 
trical Engineering, Essex College, As- 
sumption University of Windsor, Wind- 
sor, Ontario, Canada. A. J. Kravetz, 
P. E. Burke. E. E.; Math. 

FUNKHOUSER, RicHARD L., Engineering 
Librarian, Purdue University, Lafa- 
yette, Ind. Arthur V. Houghton, 
Esther Schlundt. Libr.; C. E. 

GarIBOTTI, JOSEPH F., Instructor in Engi- 
neering Mechanics, Ohio State Univer- 
sity, Columbus, Ohio. Samuel B. Folk, 
Edgar C. Clark. Mech. & Mat. 

Gw ey, Puiip T., President, Gidley Re- 
search Institute, Fairhaven, Mass. W. 
T. Alexander, W. Leighton Collins. 
Admr. Educ.; Tech. Inst. 

GinninGs, Rosert M., Instructor in Elec- 
trical Engineering, University of Mary- 
land, College Park, Md. David G. 
Thompson, George F. Corcoran. E. E.; 
Math. 

Gorton, C. W., Associate Professor of 
Mechanical Engineering, Georgia In- 
stitute of Technology, Atlanta, Ga. J. 
W. Mason, Homer S. Weber. M. E.; 
Aero. E. 

HoocsTRATEN, JACK, President, Nova 
Scotia Technical College, Halifax, 
N. S., Canada. W. T. Alexander, W. 
Leighton Collins. Admr. Educ.; C. E. 

Hares, Wayne B., Dean, General Col- 

lege, Brigham Young University, Provo, 
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Utah. Davis Bartholomew, John \ 
Cannon. Admr. Educ.; Tech. Inst, | Ma! 
Hurras, Marvin H., Admissions Com| 
selor, Milwaukee School of Engine} X 
ing, Milwaukee, Wis. Edwin A. Méa| 4 
Jr., Daniel Brandt. Admr. Edu} Ma! 
Human.-Soc. of 
Jaco, Cuartes M., Jr., Instructor U 
Ordnance Engineering, U. S. Militnf K 
Academy, West Point, N. Y. JohnD> 5 
Billingsley, Edward C. Gillette, | ME} 
G. E.; (Ordnance) Chem. E. in 
JoHNsoN, BERKELEY, Instructor in Eng. C 
neering, College of Marin, Kentie) 
Calif. C. E. Cherry, W. W. How) Mis! 
G. E. m 
Jounson, Puiipe E., Assistant Profess: 0 
of Engineering, San Diego State Ci)! 
lege, San Diego, Calif. Charles Ma) Mor 
gan, Sanford H. Stone. G. E. of 
Kune, Leo V., Assistant Professor ¢ le 
Engineering Sciences, Purdue Unive) * 
sity, Lafayette, Ind. J. Clifton Samua} McC 
R. L. Anderson. M. E.; Phys. M 
KosayYAsut, ALBERT S., Assistant Profe M 
sor of Mechanical Engineering, Us gh 
versity of Washington, Seattle 5, Wat 
J. P. Thomas, B. T. McMinn. Med 
& Mat.; M. E. 

KusHNER, JOSEPH B., Associate Prof 
Evansville College, Evansville, Inj 
Sui-An Fung, Charles L. Hem 
Min. Tech.; Mech. & Mat. r 

Lane, J. M., Assistant Professor of Cit 
Engineering, Catholic University 
Washington 17, D. C. Frank A. Bile *” 
stein, Jerome Steffens. C. E.; Eg ™ 
Graphics. a1 Pu 

Larson, Lorys J., Instructor in Civil : Kn 
gineering, South Dakota State Colleg Rose 
Brookings, S. D. Emory E. John) *” 
John R. Andersen. C. E.; Agr. E. 7 Ch 

Liv, Younc K., Assistant Professor lor 
Mechanical Engineering, Milwaulg?!=! 
School of Engineering, Milwauk@ ™° 
Wis. Thomas I. Lyon, Arvic W. Cay 
son. M. E. ‘ 

MacFaRLANE, JOHN R., P. O. Box 29 
University of Dayton, Dayton 9, Oly 
Robert I. Mitchell, Maurice Gran 
I. E.; M. E. 

Mack, LAWRENCE R., Assistant Profes 
of Mechanics & Hydraulics, State U1 
versity of Iowa, Iowa City, Iowa. 

W. Howe, C. J. Posey. Mech. & Mé 
Math. 
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Mar., 1959 NEW MEMBERS OF ASEE 

Martin, GEORGE K., Assistant Professor 
of General Enginering, University of 
Kentucky, Lexington, Ky. Clinton K. 
Hoffmann, Hal W. Maynor, Jr. G. E. 

MaTEER, RICHARD S., Professor & Head 
of Mining & Metallurgical Engineering, 
University of Kentucky, Lexington, 
Ky. Hal W. Maynor, Jr., Ernest M. 
Spokes. Min. Tech.; (Met. & Min.) 

Meyers, EvERETT E., Visiting Lecturer 
in Aero Engineering, University of 
Colorado, Boulder, Colo. K. D. Wood, 
P. F. Hulquist. Aero. E. 

Miser, WiLson L., Professor of Mathe- 
matics, Ohio Northern University, Ada, 
Ohio. Alton D. Taylor, Lawrence H. 
Archer. Math. 

Morey, CHarLeEs H., Assistant Director 
of Admissions, Chicago Technical Col- 
lege, Chicago 16, Ill. H. B. Knudsen, 
R. S. Ziehn. Tech. Inst. 

McCiain, RAyMonD G., Instructor in 
Mechanical Engineering, University of 
Missouri, Columbia, Mo. O. A. Prin- 
gle, R. L. Scorah. M. E. 

PHALEN, THoMas E., Jr., Assistant Pro- 
fessor of Mechanical Engineering, 
Northeastern University, Boston, Mass. 
Alvin J. Yorra, Frederick A. Stearns. 
M. E.; C. E. 


“Poxorny, Harry E., Assistant Professor 


of Mathematics, Milwaukee School of 
Engineering, Milwaukee, Wis. Daniel 


C. L. Eckel, Marvin C. 
Knudson. Engr. Graphics; Tech. Inst. 
Roserts, JEAN M., Professor of Electrical 
Engineering, University of Virginia, 
Charles N. Gay- 
lord, H. G. Larew. E. E.; Phys. 


SHELL, ERNEST F., Administrator—Tech- 


nical Recruiting & Training, General 
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Electric Co., Appliance Park, Louis- 
ville 1, Ky. W. S. Hill, D. E. Irwin. 
Admr. Indus. 

SIFFERLEN, JOHN J., Instructor in Elec- 
trical Engineering, Merrimack College, 
Andover, Mass. James F. Sullivan, 
Gerald J. Kirwin. E. E. 

SLEDGE, ALEXANDER, Assistant Professor 
of Industrial Engineering, Rutgers Uni- 
versity, New Brunswick, N. J. Alfred 
A. Kuebler, Morgan C. Barrett. I. E.; 
Engr. Econ. 

STEWART, WARREN E., Associate Profes- 
sor of Chemical Engineering, Univer- 
sity of Wisconsin, Madison, Wis. 
Thomas J. Higgins, R. A. Ragatz. 
Chem. E.; Math. 

STONE, Rospert J., Assistant Professor of 
Civil Engineering, University of Den- 
ver, Denver, Colo. Clarence M. Knud- 
son, David A. Day. C. E.; G. E. 

TIEDEMANN, JAMES B., Associate Profes- 
sor of Aeronautical Engineering, Uni- 
versity of Kansas, Lawrence, Kansas. 
Ammon S. Andes, William P. Smith. 
Aero. E. 

Watters, Gary Z., Instructor in Civil 
Engineering, Chico State College, 
Chico, Calif. Herbert F. Langdon, 
Elliott B. Johnson. C. E.; M. E. 

WEBER, JOHN W., Instructor in Civil En- 
gineering, Fenn College, Cleveland, 
Ohio. Michael Shuga, James I. Taylor. 
Mech. & Mat.; C. E. 

Witte, A. B., 335 No. 18, Lincoln, Ne- 
braska. J. M. Vickers, N. H. Barnard. 
M. E. 


50 new members this list 
350 members previously added this fiscal 
year 


400 new members this fiscal year 





AT THE ANNUAL MEETING IN PITTSBURGH 


On Forbes Street, adjacent to the Carnegie Institute of Tech- 
nology campus and about one block from the Carnegie Museum, is 
the Pittsburgh Station of the U. S. Bureau of Mines. Here is lo- 
cated the film library, from which films are loaned to organizations 


throughout the country. There are in the halls interesting displays 
of mining equipment and apparatus of various types. 


JOURNAL OF ENGINEERING EDUCATION Vol. 49—No.? 


INDIVIDUAL MEMBERSHIP APPLICATION FORM 





desires to become a member of 
(Signature) i 


The American Society For Engineering Education 


and hereby agrees to conform to the requirements of membership, if elected 
and submits the following STATEMENT OF QUALIFICATIONS 


Date 








Name (please print) (First) (Middle) 





Mailing Address 


(Number and Street) 


Post Office 





(City, Postal Zone and State) 
Title of Professional Position 





(Title) (Department) 
Name of Institution 











Academic Degrees Institutions 








Give date of birth if under 36 years of age 
( 


(Signature) (Please Print) 


( 


(Signature) (Please Print) 
(To be signed by two Sponsors, Members of ASEE ) 





Sponsors 





The dues are $8.00 per year for members over 36 years of age and $6.00 for hose 
under 36 at the beginning of each fiscal year, July 1. Dues are payable on a fiscal yf 
basis. Applications received after February 1 pay only one-half year’s dues and receive the 
Journal of Engineering Education beginning with the March issue. a 


ASEE OCCUPATIONAL FIELDS 


Mark active occupational field A and one secondary field 8S; encircle subheading 
when appropriate. 


ie 
—Administrator, Educational —Civil Engineering —Industrial Engineering ~ 
Give title and subject field -_ Coordinators of Coop. Engr. -—Librarians 


—Administrator, Industrial a ~ 

Give title and pe went field eet Sas Mathematics 1 i 
—Aeronautics and Aero. Engr. Electron., Iumin., Power —Mechanical Baginewy 
—Agricultural Engineering —Engineering Drawing —Mechanics and Materials 
—Architecture —Engineering Economy —Mineral Technology $ 
—Architectural Engineering —English —Physics 
—Ceramic Engineering —General Engineering —Shop and Mechanic arts 
—Chemical Engineering —Geophysical Engineering —Technical Institute 
—Chemistry —Humanistic-Social Studies —Textile Engineering 


Return to the Secretary, W. Leighton Collins, University of Illinois, Urbana, Ill 








nd receive 


heading 


gineering — 


ngineering — 
d Materials — 





